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Abstract 
 
Recent and future changes in land use policy, economic environment, land ownership 
and an increasing emphasis on countryside stewardship means land management in 
the UK countryside is and will continue to change. Land management practices 
influence landscape, habitat availability and species distributions, which affect 
societal welfare estimates for the British countryside. This thesis compares elements 
of socio-economic and ecological value for the North Pennines Area of Outstanding 
Natural Beauty (AONB), an upland area of acknowledged conservation importance. 
The area is composed of privately owned estates, and management is centred on red 
grouse shooting and upland sheep farming. The aim of this thesis is to compare 
different elements of conservation related value, and investigate how potential future 
land use/funding scenarios might ultimately influence these values. 
 
Stakeholders (landowners, red grouse shooting tenants and farming tenants) have 
differential motivations, and not all are motivated primarily for profits. Estates are 
classified into two types: those with commercially driven red grouse shooting, and 
those without. Profits are shown to vary across estates and be negative for many. The 
commercially driven estates, along with tenant farmers, are likely to embrace 
conservation if subsidised by government. Approximately twenty percent of the non-
commercial estates essentially pay for conservation management, with two estates in 
particular paying farmers for conservation management. Others may come into 
conflict with conservation where it is not reconciled with red grouse shooting.  
 
Recent advances in habitat suitability modelling allowed presence only data to be 
used to predict the distribution of Biodiversity Action Plan (BAP) species. This 
technique proved useful and reliable even with small sample sizes, and as expected, 
each BAP species has different requirements. Agri-environment schemes are shown 
to be beneficial to 7/15 BAP species, although are detrimental to 2/5 vertebrate BAP 
species, suggesting that with some attention to vertebrates they can be a strong force 
for conservation. Contingent valuation was the method chosen to estimate the utility 
provided by the landscape and biodiversity of the North Pennines. When visitors to 
the area were surveyed, landscape and biodiversity were both found to be important in 
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preference formation, and significant negative valuations were elicited. Visitors were 
prepared to pay an average of £10.52 per household annually for the preferred 
outcome, and an average of £4.22 to prevent the least preferred outcome. A mosaic 
landscape with increases in blanket bog and the associated increases in rare and 
threatened birds and mammals (the cute and cuddly effect) was highly valued by 
respondents.    
 
A framework for incorporating these multiple elements of value was presented, 
allowing the impacts of potential policy scenarios to be demonstrated, via stakeholder 
reactions. As well as demonstrating a lack of holistic policy proposals, this model 
made it clear that a decline in the extent of red grouse shooting would represent a cost 
to society. This thesis showed how to combine multiple elements of value to assess 
the wider impacts of potential future policies and economic conditions in an upland 
case study area, and makes suggestions for incorporating further values into this 
framework.  
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Chapter 1 
Introduction 
 
 
1.1 Problem statement 
Habitat loss is one of the biggest threats faced by the world‟s endangered species, 
with roughly 36% of known species extinctions between 1600 and 1992 caused by 
habitat destruction (Groombridge 1992). Even with the impeding threat of climate 
change taking over the environmental spotlight in the media (Ereaut and Segnit 2006 
talk about „climate porn‟ in the mass media), habitat loss is considered one of the 
largest threats still faced (e.g. Burgman et al. 2005, Colburn 2006, Venter et al. 2006, 
Sutherland et al. 2008), and indeed climate change may exacerbate or even cause 
habitat loss. With the ongoing battle for scarce space and resources, an issue not made 
any easier in the UK by its high population density, what is the best use of our limited 
land space to benefit conservation? It is not feasible to set aside large swathes of land 
for biological conservation in such a densely populated and intensively managed 
country. Therefore, can conservation be reconciled with other demands on our land 
space such as food (and bio-fuel) production, recreation, and the pursuit of maximum 
utility gain (utility is a proxy for happiness or welfare, Estrin and Laidler 1995)? 
 
In Europe, the conservation value of agricultural landscapes is widely recognised, 
with whole conferences dedicated to farmland biodiversity (such as farmland birds, 
Aebischer et al. 1999). European agri-environmental policy is based on the premise 
that agricultural landscapes can indeed provide habitat for wildlife. Sutherland et al. 
(2008) include loss of such agricultural habitats as a threat for some of the 25 most 
pressing future issues for biodiversity. Due to declining motivations to continue 
farming (Cramer et al. 2008) agricultural habitats, especially at the margins of 
viability, may be lost. Although loss of one habitat provides an opportunity for an 
alternative habitat, how do such alternatives compare for the conservation of 
biodiversity?  
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1.2 Aims and objectives 
This study looks at different elements of value of an upland area in northern England 
designated as an area of outstanding natural beauty and known for fauna and flora of 
conservation value. As is the case for most of the United Kingdom, the land is 
privately owned and is used for commercial purposes. Any wildlife conservation 
activities are undertaken simultaneously with these other uses. Values that are held for 
this area include financial, societal welfare and biological values. These values may or 
may not be complementary. 
 
In this thesis I measure three elements of value of the uplands of the North Pennines 
Area of Outstanding Natural Beauty (AONB): socio-economic value to visitors (as a 
proxy for societal welfare), value (including but not restricted to financial value) to 
landowners and tenants (tenant farmers and shooting tenants), the distribution of rare 
and threatened species (as a proxy for biological value) and how land-use practices 
and stakeholder motivations influence these values. Finally, I bring these measures 
together to predict how some of these values for the North Pennines might change as 
a result of a number of potential future land use and policy scenarios.  
 
 
1.3 Contribution to knowledge 
This thesis makes a number of contributions to the existing literature in terms of new 
data, new applications of existing methods, and presentation of a framework for 
incorporating multiple values for the purposes of policy development. It presents the 
first attempt to describe and characterise the multiple stakeholders in upland UK and 
typologies upland estates based on motivations and demographics. It will demonstrate 
the use of species distribution models for predicting potential distributions of species 
of conservation concern on a local scale rather than national or continental scale, and 
contributes to the recent spate of literature using Maxent, a species distribution 
modelling method first published in 2006. It will use these models for the novel 
purpose of predicting distributions onto theoretical landscapes resulting from potential 
future policy scenarios. It will make novel use of the multitude of data collected by 
amateur natural historians and small specialist conservation NGOs, and demonstrate 
the value of such collections for conservation studies. The socio-economic valuation 
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chapter presents a novel experimental element to investigate the impact of specific 
management information on preference formation, and demonstrates the measurement 
of negative willingness to pay values for multiple alternative outcomes. Crucially, the 
final chapter brings together stakeholder behaviours, potential species distributions 
and welfare estimates in to predict the consequences of potential future policy 
scenarios. 
 
 
1.4 Thesis outline 
The next chapter sets the scene for the rest of the thesis, which includes three chapters 
each measuring different elements of value of the North Pennines. These are; value to 
landowners (financial and other) and how this influences land management (Chapter 
3), socio-economic value of the landscape and rare and threatened biodiversity to 
visitors (Chapter 4), and the likely distribution of rare and threatened species within 
the North Pennines and what influences these (Chapter 5). The penultimate chapter 
(Chapter 6) brings these values together and shows how potential future funding and 
policy scenarios might influence values. The final chapter (Chapter 7) summarises the 
findings of this thesis. After highlighting the most important outcomes of each 
chapter, it places the thesis into the wider context of wildlife conservation, discusses 
then policy implications of findings, and makes some suggestions for future research 
directions before concluding the thesis.   
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Chapter 2 
U.K. Uplands and the North Pennines: Management and 
Conservation 
 
This chapter seeks to set the scene for the remainder of the thesis. It first discusses the 
U.K. uplands including historical processes, conservation value and threats faced, 
before describing the case study upland area: The North Pennines. It then goes on to 
paint the institutional landscape followed by a description of Biodiversity Action Plan 
(BAP) species and why they are important. Finally, given that the case study is largely 
privately owned, it discusses ownership and conservation, before putting this into the 
context of upland land management in the UK. The final section summarises why 
welfare in economic terms is important for conservation.  
 
 
2.1 UK uplands 
In a country with little in the way of true wilderness remaining, semi-natural upland 
heather moorland and blanket bog areas are perhaps the closest thing we have to a 
natural habitat remaining apart from semi-natural ancient woodlands in Scotland and 
southern England. After the last ice-age, much of Britain was covered in woodland up 
to about 600m above sea level (Simmons 1990). Moorland was probably confined to 
clearings, above the tree-line, and the extreme north west of Scotland (Martin 1990). 
About 5000 years ago, man moved into northern Britain and started to clear trees for 
crops and grazing, allowing moorland to spread, and grassland to establish (Simmons 
1990). Blanket bog first formed in the UK about 9000 years ago due to natural 
processes (Birks 1970) and its spread was facilitated by the clearance of trees.  
 
Upland habitats cover about one third of Britain‟s surface if mountains are included in 
this definition (JNCC 2008). With a history of human-induced change, much wildlife 
has come to depend on these semi-natural habitats which are maintained by some 
degree of human intervention. For example maintenance of a mixed aged heather 
moorland stand which is excellent breeding habitat for wading birds (Tharme et al. 
2001, Pearce-Higgins and Yalden 2004) requires rotational burning and calcareous 
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wildflower meadows depend on specific grazing intensities. The uplands consist 
mostly of heather moorland, blanket bog, some rough grasslands and in some areas 
patches of mixed or coniferous woodlands (and small remnants of ancient woodland 
in some parts). The former two, and upland calcareous grassland (a form of upland 
grasslands) are priority habitats in the UK Biodiversity Action Plan (BAP).  
 
The distinction between the different types of upland habitat is not always clear. The 
term “moorland” is sometimes used to include dry and wet heaths, blanket bogs and 
rough grasslands (e.g. by Scotlands Moorland Forum 2003), whilst other sources 
exclude grasslands (DARD 2006). The UK BAP lists upland heathlands and blanket 
bog as two separate habitats, each requiring its own Habitat Action Plan. The North 
Pennines AONB is almost entirely moorland under the broadest definition. To enable 
distinctions between the different types of moorland, and to be consistent with BAPs, 
which are an important element of the present study, heath, blanket bog and rough 
grassland are here treated as separate (though interacting) habitats, along with 
woodland.  
 
Currently, around 25% of the British uplands are heather moorland, with 90% of these 
managed by sporting estates. This is 75% of the world‟s remaining heather moorland, 
although 22% of heather moorland in England was lost between 1946 and 1981 
(RSPB 1984). Threats to heather moorland include overgrazing, poorly managed 
burning, neglect and climate change (BAP 2008). Blanket bog is a globally restricted 
peatland habitat confined to cool, wet, typically oceanic climates (BAP 2008), and is 
better developed in the British Isles than in any other country in Europe (Birks 1970). 
It is currently threatened by disturbance, poor grazing regimes, drainage, forestry and 
climate change (BAP 2008). A 21% reduction in the area of blanket bog occurred in 
Scotland between the 1940s and the 1980s (Mackey 1998). There are approximately 
22,000-25,000 ha of upland calcareous grassland in the UK (BAP 2008), with 
agricultural intensification and extremes of grazing (either almost absent or heavy 
grazing) being the main threats faced by this habitat. Overgrazing leads to 
replacement of heather and blanket bog by grasses, as has been apparent over the last 
fifty years due to massive increases in stocking rates (Fig. 2.1) encouraged by 
European agricultural subsidies.    
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Figure 2.1 Number of sheep and lambs in the British Isles from 1950-2003. Figures 
taken from Fuller and Gough (1999) and FAO (2003). 
 
 
2.2 Case-study: The North Pennines 
The Northern Pennines is an upland area in the north of England (Figures 2.2 and 
2.3). It was designated as an Area of Outstanding Natural Beauty (AONB) in 1988. 
The primary purpose of AONB classification in general is to conserve and enhance 
the natural beauty of the area. In pursuing this purpose, AONBs take into account the 
needs of rural industries such as agriculture and forestry, and the social and economic 
needs of the people living within its boundaries.  
 
It is also a United Nations Educational, Scientific and Cultural Organisation 
(UNESCO) European and Global Geopark, highlighting its globally important 
heritage. At just over 200,000 ha it is the second largest AONB in England and Wales 
and is described as one of the most peaceful and unspoilt places in England (North 
Pennines AONB 2004). The AONB contains three National Nature Reserves 
including England‟s largest (Moor House National Nature Reserve), five Special 
Areas of Conservation (SACs) designated under the EU Habitats Directive and a 
Special Protection Area (SPA) designated under the EU Birds Directive. The AONB 
is home to 80% of Englands‟ Black Grouse (Tetrao tetrix), 22,000 pairs of breeding 
waders (North Pennines AONB 2004), rare arctic alpine plants such as spring gentian 
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(Genriana verna) and specialist moorland invertebrates such as the Northern Dart 
moth (Xestia alpicola alpine). 
 
Figure 2.2 Map of the North Pennines AONB, showing its position in the UK. 
The thick black line is the boundary of the North Pennines AONB.  
 
 
The area is one of the UK strongholds for red grouse shooting. In the foreground of 
the top right picture in Fig. 2.3 can be some guns (red grouse hunters) waiting for 
grouse to be flushed towards them over the heather in the background. 
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Figure 2.3 Photographs (courtesy of Dr Bunnefeld, and the Moorland 
Association) of the North Pennines showing different aspects of the landscape 
and vegetation.  
 
 
Man first colonised the North Pennines around 7,000 B.C. and by 3,000 B.C. had 
begun intensive forest clearance (Simmons 1990). The subsequent history is one of 
continued forest clearance, and the formation and expansion of peat. Mine workings 
developed in 12
th
 century AD, and this led to large scale settlement and cultivation of 
the land. The region became the most intensively developed upland area in Britain. 
Any remaining woodlands were removed to make room for small holdings for mine 
workers‟ families. Large tracts of the moor were common land1 and these were 
                                                 
1
 Common land is not for common usage by anyone. There have been various commons acts over the 
last two centuries, the most recent being The Commons Act 2006. Common land is mostly in private 
ownership, but certain historical rights are preserved, such as grazing rights. Most commons in the UK 
have fewer than five registered rights, many with only one or two (see Office of Public Sector 
Information 2008) and often no more than one right, if that, is exercised today.  
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largely dominated by heather by this time and supported large populations of red 
grouse (Lagopus lagopus scoticus). Approximately 25% of the North Pennines 
remains classified as common land today, with most of the rights which are exercised 
done so by tenant farmers. Management of red grouse for shooting (today primarily 
for sport rather than the dinner plate), and upland farming have continued to be main 
land uses. Over the years these activities have maintained the moorland mosaic 
landscape.  
 
Today the area attracts walkers, cyclists and horse riders with extensive networks of 
footpaths, bridleways and quiet roads. There are routes such as the Pennine Way 
walking route and the Coast to Coast (C2C) Cycle Route. The North Pennines has a 
low human population (approximately 12,000, North Pennines Geopark 2008) and 
high density of grouse moors and upland farms.  
 
2.3 Institutional landscape 
The European Union (EU)‟s Common Agricultural Policy (CAP) supplements 
farmers income throughout the EU. The basic instruments remained untouched for the 
first thirty years of the CAP, until the MacSharry reforms in 1992 introduced the 
model of decreasing support payments and increasing direct payments. Agenda 2000 
prepared the CAP for future EU enlargement and placed increased emphasis on 
environmental policy and multi-functionality, and paved the way for the 2003 reforms 
which decoupled payments from production. The UK implementation of the reforms 
include cross compliance, where farmers are expected to meet minimum standards of 
environmental quality to qualify for payments, the Single Farm Payment which pays 
farmers according to historical payments rather than production, and modulation 
which moves funds away from large farms to rural development. The UK has taken 
the maximum allowance for funds directed through agri-environment and rural 
development schemes.  
 
Prior to the 2003 reforms of the CAP farmers were rewarded for increasing 
production, with subsidies coupled to output. This led to practices detrimental to the 
environment such as overgrazing and intensive use of chemicals (Schmid et al. 2007, 
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Schmid and Sinabell 2007). The 2003 CAP reforms led to replacement of production 
subsidies with a Single Farm Payment (SFP) which is given to farmers independent 
from production, provided they meet cross-compliance requirements (maintaining 
certain environmental, food safety, animal and plant health and animal welfare 
standards, as well as the requirement to keep all farmland in good agricultural and 
environmental condition).  
 
Britain has taken a leading position in both the reforms and in funnelling funds from 
subsidy payments to agri-environment payments (Defra 2004). Today, agri-
environment Schemes are phasing out earlier schemes such as the Environmentally 
Sensitive Area scheme (ESA) UK wide and Countryside Stewardship Scheme (CSS) 
in England, which between them have agreements with over 30,000 farmers and other 
land managers and cover over a million hectares (Defra 2004). In England they are 
being replaced by Environmental Stewardship Scheme (ESS), in Scotland the Rural 
Stewardship Scheme (RSS), and in Wales, Tir Gofal (Land Care).  
 
The ESS aims to conserve biodiversity, maintain landscape quality, protect natural 
resources and the historical environment, and promote public access and 
understanding of the countryside (Defra 2004). The ESS has three parts. Entry Level 
Stewardship is open to all those farming in England, and addresses issues affecting 
the wider countryside including diffuse pollution, soil erosion and the conservation of 
farmland birds. Provided the requisite number of points are met, a standard payment 
of £30 per ha (£8 per ha in Less Favoured Areas (LFAs) such as the uplands in 
Northern England, including the North Pennines) is made. Organic Entry Level 
Stewardship is available to those wishing to farm organically, with higher points 
requirements and higher payment rates. Higher Level Stewardship provides more 
resources in exchange for more significant and specific environmental benefits in high 
priority situations and areas. Entry into the higher level scheme is discretionary, and 
depends on assessment of how the proposals meet environmental priorities for the 
area. 38% of the North Pennines was under CSS or ESA agreements in 2004 (see 
Defra 2006), being replaced by ESS. These agreements can be held by either the 
tenant farmer or the land owner, although are normally awarded to tenant farmers. In 
some situations the tenant farmer requires permission from the land owner to enter 
into such contracts.  
  
 26 
2.4 UK Biodiversity Action Plan (BAP) 
The UK Biodiversity Action Plan was launched in 1994 for dealing with biodiversity 
conservation in response to the Convention of Biological Diversity signed by 150 
government leaders at the 1992 Rio Earth Summit. The convention was the first 
global agreement on the conservation and sustainable use of biological diversity, and 
was dedicated to promoting sustainable development. The UK BAP includes 391 
Species Action Plans (SACs), 45 Habitat Action Plans (HABs) and 162 Local 
Biodiversity Action Plans (LBAPs). Species are designated as BAP species if they 
have shown significant decline in recent years or are nationally rare or threatened, or 
if the UK population represents an internationally important component of the species 
distribution, and if there is potential for action to improve the situation. The UK BAP 
is currently undergoing a review, and all the BAP species and habitats plus many 
more are now listed as priority species or habitats. Priority actions for these species 
are currently being developed.  
 
There are over twenty BAP species known to be present in the North Pennines 
AONB, and a few of the new priority species are also present. Population trends in the 
BAP species in the North Pennines vary, for example Black Grouse (Tetrao tetrix) 
have declined by 29% between 1969 and 1989 according to breeding bird atlas data, 
the Pearl-bordered Fritillary (Boloria euphrosyne) has declined by 66% between 1974 
and 2003, and twinflower (Linnaea borealis) has increased by 7% between 1958 and 
1998. 
 
 
2.5 Management and conservation on private land 
The shift from protectionism (state owned reserves where wilderness was protected 
from humans) to integrating conservation with economic development took off in the 
1980s, demonstrated by the establishment of Integrated Conservation and 
Development Projects (ICDPs), aimed at linking conserving biodiversity and 
maintaining ecosystem functioning with economic development (Johansen 2004). 
Those on the development side of the spectrum became increasingly aware of the 
potential resource value of biodiversity, whilst biodiversity conservationists focused 
on the social causes of biodiversity loss. Even outside developing countries people 
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often depend to some extent on local natural resources, especially in rural areas. For 
example hill farmers in upland UK often rely on rough grazing for their sheep. In the 
case of developing nations the local people who rely on the natural resources often 
have no legal ownership rights over the land from which they make a living. In 
developed nations such as those in Europe and the United States on the other hand, 
private ownership is the norm., and land may be managed either by the owners or by 
tenants who lease parcels of land from these owners.   
 
Much private land is of high conservation value, for example most of the forested 
land in Papua New Guinea (a biodiversity hotspot, Myers et al.  2000) is owned by 
clans and individual families (Filer and Sekhran 1995). In South Africa large 
ungulates are encountered either in National Parks or on privately-owned game ranges 
(Wilcove 2004). Only 11% of Globally Important Bird Areas in the USA are on 
private lands (Chipley et al. 2003), although Chipley et al. (2003) and others (eg 
Groves et al. 2000) suspect that the number might be much higher but access 
problems prevent the true figure being known. In the United Kingdom designation as 
a Site of Special Scientific Interest (SSSI) indicates that the site is of high potential 
conservation or other scientific interest, with over half of SSSIs containing wildlife of 
international importance (English Nature 2004). More than two thirds of SSSIs are in 
private ownership (Defra 1998). 
 
With much land that might be interesting from a conservation perspective in private 
ownership, conservationists have to decide between a number of different approaches, 
some of which are listed in Table 2.1. The main dilemma seems to be between land 
acquisition or providing incentives for existing landowners to practice the desired 
management regimes. Without money, land acquisition is not likely to be viable on a 
large scale, although in the USA there is considerable attention focused on land 
acquisition as the only way to ensure the safety of wilderness areas from developers 
into the future (Czech 2002, Main et al. 1999). Over 7% of the total land area in North 
and Central America is protected as strict nature reserves of at least 1000ha (Wood 
2000). In the UK and Europe there is little focus on land acquisition and much focus 
on encouraging management of land for conservation simultaneously with economic 
objectives, with less than 0.8% protected as nature reserves (Wood 2000). This 
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approach is perhaps more suitable to a densely populated island nation such as the 
United Kingdom where much of the landscape is already under agriculture of varying 
intensities.  
 
The 200,000 ha of the North Pennines is composed of 16 privately owned estates, 243 
ha of Ministry of Defence (MOD) ranges, three National Nature Reserves managed 
by National England covering just over 7000 ha, an RSPB owned reserve covering 
almost 5000 ha, and 12 reservoirs owned by Northumbrian Water. The 14 owners for 
which exact area owned is known own 76% of the area of the North Pennines 
between them.  
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Table 2.1 Economic tools for conservation on privately owned land. 
Tool Comment Rights Example 
Taxes Can incentivise as well as 
penalise  
Assumes 
society has 
some rights 
Tax breaks for 
donating 
conservation 
easements    
Subsidies Provides payments at a 
specific rate for specific agreed 
management actions 
Owner, but with 
limitations 
CAP funding in 
Europe 
Conservation 
contracts 
Contracts between land owner 
and governing body, whereby 
the owner is paid to achieve 
the specified outcome.  
Owner, but with 
limitations 
Australian 
Conservation 
Auctions, 
Stoneham et al. 
2003 
Conservation 
easements 
Certain rights are bought by 
government or a land trust, 
such as development rights.    
Certain rights 
purchased from 
the owner 
Florida, Main et 
al. 1999 
Regulation Laws put in place to prevent 
harmful practices.  
Assumes 
society has 
rights  
United Kingdoms 
Wildlife and 
Countryside Act 
1981 
Tradable 
permits 
Although more prominent in 
pollution and carbon emissions 
than in conservation of habitat 
or biodiversity, can be feasible 
for example development 
permits might limit 
development on sensitive 
habitats. 
The rights are 
tied in with a 
permit, so the 
landowner must 
purchase rights 
The European 
Union Emission 
Trading Scheme 
(EU ETS) for 
greenhouse 
gases.  
Land 
Acquisition 
Expensive, but provides most 
security for the future 
All the rights 
owned by 
agency 
purchasing land 
American 
National Parks 
such as 
Yellowstone. 
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2.6 Upland land management 
Uplands in the UK are generally managed for some combination of extensive 
farming, usually sheep grazing, and management for game, often red grouse in 
England, and red grouse and/or red deer (Cervus elaphus) in Scotland. In the North 
Pennines, the main land uses are sheep grazing and red grouse shooting. There are 
also small tourism enterprises (often as part of multi-functional farm units) and small, 
sometimes commercial, woodland patches (mixed or coniferous).  
 
The different upland habitats can, on a simple level, be seen as different stages of a 
succession from grass to woodland, via heather moorland. Blanket bog does not fit 
easily into this succession. It requires an underlying peat layer, which forms over long 
time periods (Birks 1970). Where blanket bogs have been degraded, (e.g. by draining, 
disturbance and grazing, or by planting trees), they can often be restored with careful 
management. It is unclear where blanket bog is a climax habitat (Klinger 1996) and 
where it would be succeeded by scrub and woodlands (Scotlands Moorland Forum 
2003). Management can maintain vegetation at different stages of succession. In the 
presence of heavy grazing, heather cannot regenerate quickly enough and becomes 
swamped by the more competitive grasses such as mat-grass (Nardus stricta), purple 
moor-grass (Molinia caeulea) and rushes (Juncus species) (Edgell 1971, Welch 
1986). Oak and birch seedlings can usually be found in heath communities, but 
grazing prevents these from establishing. Patchy burning of heather maintains it in a 
mixed-aged stand and is used as a management tool for red grouse, but inappropriate 
burning can suppress some blanket bog species, and damage underlying peat on 
blanket bog (Tucker 2003).   
 
Red grouse shooting as a sport is roughly 200 years old, pioneered largely by military 
men in Scotland (similar to forms of hunting pioneered in outposts of the empire). 
Red grouse are known as the king of gamebirds (Martin 1990) because they fly fast, 
low, and can flush from anywhere, making them the most challenging gamebird to 
shoot. Red grouse (Fig. 2.4) is an endemic subspecies of the willow grouse (Lagopus 
lagopus). They do not breed well in captivity and their preferred habitat mosaic 
(patchy heather moorland and blanket bog) must be maintained if they are to breed in 
sufficient numbers to allow an excess to be shot each year. Management involves 
  
 31 
burning small strips or patches of heather moorland on a rotational basis to maintain a 
mixed aged stand to provide a structured habitat for grouse, and controlling predators 
of this ground nesting species such as foxes, crows and mustelids (Hudson and 
Newborn 1995). Grazing assists in maintaining a mosaic, but must be light enough to 
avoid damage to blanket bog and overgrazing of the heather.  
 
 
 
Figure 2.4 Red grouse (Lagopus lagopus scoticus). Photograph courtesy of Dr 
N. Bunnefeld.  
 
There are 619 grouse moors in the UK (figures from MacGilvray 2001 and BASC 
2008) covering 750,000 hectares (Thirgood et al. 2000). During the shooting season 
(12 August to 10 December), guns (hunters) pay high prices for driven grouse 
shooting, where the birds are „driven‟ by teams of beaters, flankers and dog handlers 
towards the waiting guns. Grouse shooting currently sells for £150 per brace (pair) of 
birds shot. These are the highest prices for shooting game in the UK. The sport 
supports the rural economy to the tune of an estimated £17million in Scotland, 
supporting 940 jobs (MacGilvery 2001), and £3million in England and Wales, 
supporting 201 gamekeepers, with the total benefits estimated at around £13million in 
England (Moorland Association pers comm.). Grouse shooting contributes an 
estimated £1.3million to the North Pennines economy (North Pennines 2004b). 
 
  
 32 
Managed grouse moors may have significant conservation potential (Thompson et al. 
1995, Usher and Thompson 1993) with correlative studies suggesting that 
management for red grouse might be beneficial for a number of birds other than red 
grouse (Tharme et al. 2001). Despite this, grouse shooting (and associated moorland 
management practices) has a controversial status in the United Kingdom, fuelled by 
illegal raptor persecution attributed to grouse moors (Thirgood et al. 2000, Ethridge et 
al. 1997), a general distaste for bloodsports, and a perceived class bias. Potential 
solutions to resolving such conflicts are possible (Redpath et al.  2004), although 
ultimately it might come down to a trade-off between species which benefit from red 
grouse moors (such as those identified in Tharme et al.  2001), and those which suffer 
(such as hen harriers, Redpath and Thirgood 1997).  
 
 
2.7 Societal welfare  
Economics deals with maximising societal utility (utility is a proxy for happiness or 
welfare, Estrin and Laidler 1995) given scarcity of resources. Due to scarcity all 
desires can not be totally satisfied, and choices have to be made as to which of them 
are going to be satisfied and to what extent (Estrin and Laidler 1995). Some desires 
can be satisfied using money by the purchase of market goods. Public goods (non-
excludable and non-rival, such as clean air or access to natural areas) are not readily 
purchased on a market in this way and estimates of the market values of public goods 
such as clean water or recreation opportunities must be made if they are to be 
compared or traded with market goods. Techniques to find these valuations include 
hedonic methods such as comparing house prices in noisy and quiet areas, thus using 
actual markets as indicators of the value of quietness (see Bateman et al. 2002) and 
stated preference such as contingent valuations or choice modelling (examples include 
Carson et al. 1992, Spash 2000 and Christie et al. 2006) where respondents are simply 
asked how much they would pay, or to choose between scenarios each with different 
„prices‟. In the case of the conservation of biodiversity, for example, individuals 
might be asked how much they would be prepared to spend on travel to reach a 
described National Park, or how much additional tax they would be prepared to pay 
towards protection of some endangered species.  
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Conservation of biological resources is becoming an increasingly important 
component of societal welfare (Fig. 2.5) and membership of organisations such as 
WWF and RSPB is increasing (see websites of such organisations). A branch of 
economics called environmental economics has developed since the 1960s, becoming 
more recently a “major subdiscipline of economics” (Pearce 2002), one of the central 
tenets of which is that environmental quality is important for human well-being. In the 
overcrowded world we live in today, it is vital to know the opportunity costs of 
development of natural resources, to make rational decisions about what will be lost if 
resources are allowed to be destroyed (see Costanza et al. 1997). Using valuation 
methods is often the only viable technique for placing values on biodiversity and 
ecosystems given the lack of functioning markets. Even though there are inherent 
problems with such methods (e.g. Spash 1997), demonstrating the economic value of 
biodiversity will help us fight the many pressures to reduce it (Pearce 2001, OECD 
2001). Problems (and means of dealing with some of these) with valuation methods 
are discussed in sections 4.1, 4.5.1 and 4.5.2. 
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support for wildlife loss and mitigation, amongst the British public. 
Figures taken from Defra (2002). No data is available for awareness of 
the phrase „biodiversity‟ prior to 1996.  
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Chapter 3.  
Estate Structures and Land Manager Motivations.  
 
 
This chapter describes the management structure of estates in the North Pennines 
(case study), and presents a simple typology of estates. It shows how finances, 
management objectives and motivations differ between estates types, and summarises 
these for tenant farmers on these estates. Finally, it presents some possible responses 
of estates and farmers to recent changes in agricultural funding and potential future 
land use/funding scenarios.  
 
 
3.1 Introduction  
With most of England‟s uplands under private ownership, it matters little what 
knowledge we have concerning best practice and conservation of biodiversity if the 
owner of the land is not interested and not legally obliged to comply with this 
conservation best practice. The landowners (and tenants) want to maximise personal 
utility whilst government may want to maximise societal value of the moorland 
resource given a budget constraint, or else find the lowest cost solution to meeting a 
specific habitat or biodiversity target (Stoneham et al. 2003). 
 
Government payments are available to compensate landowners/tenants/managers for 
management undertaken which benefits wildlife, such as agri-environment scheme 
payments for farmers in the European Union and woodland grant scheme payments in 
England for creating and maintaining woodlands. Such payments are incentive-based 
and there is often no obligation for land managers to enrol. Although the concept of 
these is that the farmer or land owner is compensated financially, the land owner or 
farmer may also hold non-financial incentives such as private enjoyment (MacGregor 
and Stockdale 1994), hunting or shooting opportunities (Oldfield et al. 2003) or 
lifestyle opportunities (Ross-Davis and Broussard 2007). If these incentives override 
financial ones, such optional schemes are likely to make little difference to land use 
practices and hence conservation outcomes on these lands.   
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Secure land tenure is thought to influence sustainability of land use practices with 
owners being more likely to undertake practices with benefits into the future than 
tenants or common land users (Bandiera 2007, Fraser 2004, Panayotou 1993). It is 
unclear whether long term leases lead to improvements over short term leases, with 
length of tenancy influencing probability of planting trees in Nicaragua (Bandiera 
2007), but not crop choice in Canada (Fraser 2004). Government incentives might 
therefore be expected to be more important for tenants than for owners when it comes 
to uptake of conservation practices, and short term tenants in particular. There are 
conservation actions which can be taken which may not be compensated in the long 
term (by for example soil conservation) even where the land is owned. An example 
might be re creation of heathlands on currently arable or intensively grazed grasslands 
in Europe, which leads to lower productivity, but provides an important and 
threatened habitat for BAP species (Ovenden et al. 1998). Therefore, government 
incentives can still have a role to play for landowners in certain situations.  
 
Land managers elsewhere have been shown to be a heterogeneous group, with 
variations in demographics and ownership motivations (Ross-Davis and Broussard 
2007), management objectives (Kendra and Hull 2005, Kurtz and Lewis 1981), and 
willingness to adopt technologies (Caswell et al. 2001). A typology is a useful way to 
categorise land parcels or owners so that there is more similarity within type than 
between type. This avoids trying to meet the needs of, or design incentives for 
conservation that might appeal to, the “average landowner” (Kittredge 2004, Ross-
Davis and Broussard 2007). Typologies are used in multi-agent system (MAS) 
decision modelling (such as Anwar et al. 2007) which classifies systems into a 
number of „types‟. They also crop up in the literature for ecosystems (Gassner et al. 
2005), non-timber forest products (NTFPs, Belcher et al. 2005), ecosystem services 
(Wallace 2007) and have been applied to EU farmers for economic purposes for 
decades (Andersen et al. 2007). Attempts to typologise landowners or land holdings 
have generally identified three or four groups with distinctions in management 
objectives or motivations (Kurt and Lewis 1981, Macgregor and Stockdale 1994, 
Ross-Davis and Broussard 2007). Such differences might lead to differences in the 
likelihood of uptake of conservation practices both with and without government 
incentives (Lambert et al. 2007). 
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The aim of this chapter is to create a typology of estates and investigate how estate 
types differ in terms of motivations, management objectives and demographics, and to 
summarise these factors for tenant farmers, shooting tenants and landowners. Estate 
profitabilities are then explored and compared between estate types. Finally, it seeks 
to present possible reactions of stakeholders to changes in policy or economic 
environment, including recent Common Agricultural Policy (CAP) reforms.  
 
The next section describes the management structure of estates within the case study 
area (the North Pennines AONB). Section 3.3 describes the study methods; the 
population and sampling employed, two survey design and implementation stages and 
data analysis. Section 3.4 presents results including an estate typology, description of 
profitability of estates, motivations and presentation of responses to potential future 
policy scenarios. The final section discusses these results and concludes the chapter.  
 
 
3.2 Case study 
Most of the land in the North Pennines is under private ownership, as described in 
section 1.8. These are known as sporting estates, and the situation is similar to much 
of the uplands of Scotland and other areas of upland England such as the North York 
Moors. An estate owner may retain the land to manage as he pleases, or lease the land 
to tenant farmers. The owners may shoot over the land which is retained within their 
own remit, and in some cases leases stipulate that the owner retains the right to shoot 
over the let land. These shooting rights can also be leased to another party. Some of 
the estates have more than one „moor‟ (separate unit of heather moorland), which may 
be managed independently, and even leased as separate shooting units (for example 
one estate retains the shooting rights on one moor and leases them out on the other) so 
in some cases a parcel of land may be owned by one person, farmed by another and 
shot over by yet another. Although, in general, it is ultimately the owner who has the 
final decision-making rights over a piece of land, most give their tenant farmers some 
degree of flexibility, and where a moorland is common land
2
, the owner cannot 
change the use or management of a common if it prevents other rights holders from 
exercising their particular rights, unless they give their agreement. This stops anything 
                                                 
2
 Common land referring to land registered under The Commons Act 2006 and is therefore obliged to 
retain specified historical rights. See page 23. 
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happening which would be a disadvantage to other rights holders, but can potentially 
cause problems for conservation.  
 
This leads to differential and often complex management structures over much of the 
land, demonstrated in Fig. 3.1. In such situations, it is not always obvious whose 
motivations and management objectives have most influence over the conservation 
benefits of land uses, and who should be targeted with incentives to increase the 
likelihood of uptake of conservation management.  
 
 
 
Figure 3.1 Representation of management structure within North Pennines, 
using only two estates for simplicity. Thick squares represent an estate. Within 
these, squares represent a farm unit, and circles a grouse moor for red grouse 
shooting. Solid lines show the farm or moor is let, dotted that it is retained and 
managed by the estate owner. Overlapping can be seen in some cases.  
 
 
3.3 Methods 
3.3.1 Population and sampling 
Each of the 16 estates within the North Pennines is managed differently with some 
being run by the owners, others employing a land agent to run the estate. Some 
owners retain the shooting rights for grouse moors whilst others let to shooting 
tenants. Some farming rights are retained whilst others are let. Thus it is not always 
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obvious who has the decision making rights over a particular parcel of moorland. 
Snowball sampling was used, which means that after a few initial, relevant contacts 
were made, recommendations and introductions led to snowballing effect; each initial 
contact led to perhaps three or four, each of which led to a few other contacts, etc etc.  
 
A list of contacts for estates within the North Pennines AONB was acquired from the 
North Pennines AONB partnership; a mixture of owners and factors with one 
representative from each estate. These were used as the first port of call, and from 
these, recommendations led onto other individuals for interview where appropriate. 
For example, if I contacted an owner from the list but the owner had little 
involvement in the estate, the owner might suggest I contact the agent and would 
provide contact details. In other cases during interviews with initial contacts for each 
estate it sometimes became apparent that other individuals were also involved in the 
decision making and I could ask the respondent to provide contact details. Where 
possible, the owner or land agent (employed to manage the estate), shooting tenant if 
any, and at least two farming tenants from each estate were interviewed. 
 
There are also smallholdings within the North Pennines AONB, which if included 
would raise the number of farm units. These were not included in the present study 
because, of the ten estates which provided information about tenants, very few of 
them have small holdings. From informal discussions with local farmers and 
residents, it seems that the vast majority are within the boundaries of one estate alone, 
and are very small, covering a negligible proportion of the total area even though the 
number of smallholding units may be high. 
 
Initial contact with potential respondents was made by way of an A4 colour poster 
about the project and an accompanying letter informing the respondent that I would 
telephone within the next week or so to ask if they would be willing to meet for an 
interview. In many cases the telephone numbers provided by the AONB were not up 
to date or were not being answered, thus the time interval between the potential 
respondent receiving the postal print and letter and receiving my telephone call was 
sometimes much longer than one week. On eventual contact however, most 
respondents recalled the poster and letter and were willing and helpful. There is a 
potential bias, unavoidable in this type of observational study, where willing 
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participants may have differing characteristics from those less willing to participate. 
However, given than only two estates did not provide any willing respondents, the 
overall character of estates in the North Pennines is likely to be captured in this study.  
 
3.3.2 Survey design and implementation wave I 
A questionnaire was designed (Appendix I) asking various stakeholders about the 
current distribution of management practices and recent changes to management (this 
information is used in later chapters, particularly Chapter 5), management incentives, 
motivations, income, revenues and expenses, and reactions to recent changes in the 
European Unions agricultural policies (see section 2.3). Design stages involved 
discussion with staff from The Game and Wildlife Conservation Trust, particularly Dr 
David Baines, and Mr Tim Baynes, a Moorland Policy Officer for the Countryside 
Alliance, followed by pilot interviews with owners of estates on the North York 
Moors.  
 
Questionnaires were tailored to the stakeholder type, for example tenant farmer 
questionnaires were focused on the farm unit rather than the whole estate. When it 
became apparent that tenant farmers were very short on time and reluctant to commit 
to a lengthy interview, the farmer questionnaire was shortened, focusing on land 
management activities and expected impacts of CAP reforms. 
 
Interviews took place between the period 1
st
 July and 22
nd
 August 2005, and between 
1
st
 August and 30
th
 September 2006, with pilot questionnaires and initial consultations 
with Mr Tim Baynes and Dr David Baines between 10
th
 May and 31
st
 June. A total of 
38 respondents were interviewed, of which 21 were tenant farmers, 7 shooting 
tenants, 6 land agents (3 of which represented 2 estates each), 1 head gamekeeper and 
3 landowners (Table 3.1). The land agents represented the views of the landowner. 
These respondents represented 14 of the 16 estates, covering 159 498 ha (79%) of the 
North Pennines. Of the two estates that were not represented, initial contact with one 
of these seemed promising but the respondent continually refused to commit to a 
meeting/interview, and did not return a postal questionnaire when it was posted at the 
request of said respondent. From the other estate which did not respond did not 
answer telephone calls or were unavailable to talk when someone did answer, and did 
not respond to mailed requests for contact. 
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Interviews generally took between one and two hours, although this varied greatly, 
with the longest taking a whole day. Some respondents refused to answer the 
economic questions, and others said that they were not the person to ask about income 
and expenditures even though other respondents from the same estate had 
recommended I ask this person. 
 
 
Table 3.1 Respondents from each estate (coded A-N to maintain 
confidentiality). The head gamekeeper is grouped with land agents, as he 
maintained a similar role in managing the estate and representing the owner. 
Some estates have independent moors for shooting, which may or may not be 
managed by the same individual. 
S T = shooting tenant, F T = farming tenant. 
 
 
Estate 
 
Shooting 
rights 
 
Grazing 
rights 
 
Number 
moors 
Interviewees 
Owner Land 
agent 
Shoot 
tenant 
Tenant 
farmer 
A S T  F T 1 1  1 2 
B S T  F T 1  1  1 
C S T  F T 2  1 1 1 
D S T  F T 1 1  1 1 
E S T  F T 1   1 1 
F S T  F T 2  1  4 
G S T  S T 1  1 1 2 
H S T  S T 1  1 1  
I S T  S T 2   1 2 
J Owner F T 1  1  2 
K Owner F T 1 1   2 
L Owner Owner 1  1   
M Owner Owner 2  1  2 
N Owner Owner 2  1  1 
Total   19 3 9 7 21 
 
3.3.3 Survey design and implementation wave II 
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In 2006 owners, land managers and shooting tenants who had appeared particularly 
willing during the first questionnaires were approached again and asked what their 
likely actions would be in response to a series of potential future land use/funding 
scenarios (Table 3.2). As no farmers had been available for interview in 2005 (the 
timing of interviews in 2005 was a busy time for farmers, hence I deliberately chose a 
later time of year in 2006), these were approached again with the initial questionnaire 
and as part of this interview, were also asked their likely responses to these scenarios. 
A discussion with a land manager from a Yorkshire estate and Mr Tim Baynes of the 
Countryside Alliance helped refine the scenarios and provide some response options, 
and each scenario had options for “no action”, “not sure” and “other”. These scenarios 
were based on a number of possible changes in policy or law identified from 
media/internet searches, discussions with representatives of The Game and Wildlife 
Conservation Trust, Moorland Association and the Countryside Alliance, and from 
responses to the open “future outlook” question in the first questionnaires with estate 
representatives.  
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Table 3.2 Description of scenarios as presented to respondents.  
Scenario 
number 
Scenario 
name 
Scenario description 
1 Consistently 
low grouse 
bags 
Consistently low income from red grouse shooting for past 
five years. Grouse show cyclical population dynamics 
approximating a five year cycle (Tapper 1992). Thus there 
are normally peak and trough years, but the overall trend in 
Scotland has been a declining one since the early 1970s 
(Tapper 1992), which could be a concern if the trend spread 
to the North Pennines which is dense in grouse moors. 
2 NE burning 
guidelines 
enforced 
Natural England (NE) burning guidelines become legally 
enforceable (also see Water Frameworks Directive burning 
guidelines). There is on-going discussion between NE, The 
Game and Wildlife Conservation Trust and grouse moor 
interests about burning practices, with NE arguing that 
badly managed burning can damage peat, cause erosion, 
lead to spread of bracken and destroy bird nests (Tucker 
2003) (although there is a lack of published literature to 
validate this argument). Guidelines include a restriction of 
the burning season to avoid burning in April after birds such 
as hen harriers may have settled into potential nesting sites.  
3 Fox control 
restrictions 
Fox control restricted to outside the breeding season only. 
This would avoid the risk of pups being left to starve after 
their mother has been killed and is therefore an animal 
welfare issue as opposed to conservation, and has been 
proposed by animal welfare lobbyists. 
4 Back to 
nature 
subsidies 
Back to nature subsidies introduced for heather moorland, 
similar to set-aside schemes for agricultural land. 
Gamekeepers spoken to (and referred to by other estate 
representatives) believe that Natural England guidelines 
could lead to grouse moors being run more like a nature 
reserve than a sporting moor. Such a scheme would provide 
compensation for just such management 
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5 Free market 
situation 
Free market situation; all government subsidies removed but 
Wildlife Act and other laws relating to wildlife still 
enforced. It is not known how likely this is in reality, but 
with CAP reforms and EU agricultural policy intending to 
be reformed further, and WTO calls for a removal of 
distorting subsidies, this is a long-term possibility.  
6 Wildlife 
laws 
removed 
All government interference removed including laws 
relating to wildlife such as the Wildlife and Countryside Act 
1981. These laws protect a variety of species including 
raptors which might be regarded as a pest on some sporting 
moors.  
7 Increased 
visitor 
densities 
Increased visitor densities. A few estates are already 
showing signs of embracing the tourist industry, providing 
services such as canoeing trips and accommodation. 
However this is at present a marginal activity.  
8 Pay per nest 
scheme 
Introduction of a pay per nest scheme, where the 
government pays for each breeding pair of birds of 
conservation interest, above a „baseline‟ nest count, similar 
to the SNH scheme for hen harrier nests (although the 
current SNH plan includes additional activities) (SNH 
2004). This represents a move from the pay for action 
system presently in place to a pay for specific outputs 
situation more representative of a free market situation.  
 
 
3.3.4 Analysis 
Hierarchical cluster analysis
3
 was used to split estates into types. This cluster analysis 
method groups similar samples on the same limb of a tree, and differing samples on a 
separate limb. It defines similarity on the basis of the Euclidean distance between 
each pair-wise comparison of samples. The default centroid method was used for 
agglomeration, and input variables were re-scaled to compensate for inconsistent units 
                                                 
3
 Cluster analysis is used to discover structures in data without explaining why they exist. It is an 
exploratory data analysis tool which aims at sorting different objects into groups such that the degree of 
association between two objects is maximal if they belong to the same group and minimal otherwise. 
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of measurement. Partitioning (an alternate cluster analysis method) was also 
attempted, but did not give informative groupings. Variables used for clustering 
included continuous variables such as estate size, number of years owned by current 
owners and average bag size (grouse bags are the number of brace (pair) of grouse 
shot in a year), ordinal variables such as number of activities practiced by estate, 
financial importance of grouse shooting to estate, and perceptions of ecological 
importance, and categorical variables such as whether shooting rights are retained by 
owner or not, whether or not there has been macro changes in the past 20 years, 
expected impact of CAP reforms.  
 
When analysing financial data, for estates which have a significant proportion of 
shooting which is commercial, the average income per brace (pair of grouse shot) 
from commercial shooting was used. Where no grouse bag data was available, 
average income per hectare for that shooting which WAS commercial was used. For 
estates which had some years with a very small amount of commercial shooting, the 
average income adjusted for inflation was used to estimate what would have been the 
income on years with low or zero commercial shooting were the bag that year to have 
been shot commercially. Where estates showed little commercial shooting for any 
year, the average incomes from estates and years with commercial shooting was used 
to estimate the income for the grouse bag were it to have been shot commercially.  
 
The interviews were conducted face to face and comments were added by respondents 
at all stages of the survey. These are used in the discussion to aid interpretation of the 
results, but not all comments are listed in the results section as this could become 
tedious for the reader.  
 
 
3.4 Results 
3.4.1 Respondent and estates summary 
A hierarchical cluster analysis identified two main types of estate, and one of these 
types can be divided into two sub-types. We have type a1: estates A, B, C, D and M, 
type a2: estates E, G and I, and type b: F, H, J, K, L and N.  
Type a 
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The grouse moors on these estates are generally not managed with profits as the main 
objective, and sometimes this is also true of the estate as a whole. They are smaller 
than type b moors (66.1 ±38.9 km
2
), and practice a small number of activities, often 
only farming, agricultural lets and grouse moor let. They have usually undertaken 
some changes in grazing and/or burning regimes over the past 20 years or so, often 
(but not always) coinciding with changes in ownership. This type is also likely to 
report provision of grouse shooting as an important criterion for determining estate 
activities. 
 
Type a1. Hobby moors (estates A, B, C, D, and M):  
There were five type a1 estates in the North Pennines. These are the smallest estates 
(46.9 14.5 km
2
). Type a1 estates mostly have a shooting tenant, but with the grazing 
rights let to a tenant farmer or retained by the owner (there is always at least some 
portion of the grouse moor which has grazing rights leased to a farmer, although not 
always the whole moor) except for estate M where the owner maintains grazing rights 
on both moors. Estate M has two grouse moors, the larger of which is retained by the 
owner and the smaller is leased to a shooting tenant. Shooting tenants on these estates 
practice management for grouse shooting as a hobby rather than a commercial 
venture, and sell very little of the shooting.  
 
From the owner‟s viewpoint grouse shooting is not the most important financial 
activity. Sheep farming and agricultural lets are a more important income source for 
estates directly. The estate as a whole is not expected to be affected by CAP reforms, 
but the estate expects individual tenants to be differentially affected. The perceived 
future outlook for upland estates is mixed but generally quite negative, with worries 
about the future of rural life in general rather than for one particular activity/aspect. 
Some owners feel pressure from the Countryside and Rights of Way (CROW) act 
(2000) to make provisions for walkers, and are worried about disturbance to nesting 
birds, not only grouse.  
 
The grouse moor employs 0.23 full time equivalent staff per 10 km
2
 (mostly 
gamekeepers and beaters).
 
Shooting tenants generally expect to gain from decreased 
livestock stocking rates. Their outlook for the future is mixed, with concern as to 
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whether grouse shooting has a future at all but a belief that it will be a good one if it 
has, especially as any future will be strongly linked with conservation benefits and 
outcomes.    
 
Type a2. All for shooting (E, G and I): 
There were three type a2 estates. They are larger than type a1 (98.2 36.5 km
2
). The 
shooting venture has variable incomes which go to the shooting tenant rather than the 
landowner who receives static rents. Profits to grouse tenant are, although variable, 
negative on average. One owner has retained shooting rights over a small portion of 
their estate, as an „experiment‟ before deciding whether to retain all shooting rights 
and try grouse shooting as a commercial venture in the future. These estates have not 
been owned for long by the current owners, with the longest being 21 years; perhaps 
this lack of experience in managing a grouse moor has led them to lease shooting 
rights out. This is the only type to have perceived their ecological importance as 
average for estates in the North Pennines, but it is uncertain if this reflects actual 
ecological importance or perceptions of owners. All think the overall picture for the 
future of shooting estates is negative, with comments such as farm incomes will drop, 
and policy involvement restricts what gamekeepers can do but without the public 
having any knowledge as to the impact of policies on the environment or wildlife.  
 
The grouse moor employs 0.41 staff per 10 km
2
 (mostly gamekeepers and beaters). 
Although the grouse shooting is not commercial (profits are on average negative, and 
profits are not the main motivation of shooting tenants), type a2 shooting tenants take 
grouse shooting more seriously than type a1, with high keeper densities employed, 
and generally bigger bags (although they are very variable). The future outlook of 
type a2 shooting tenants is very negative, with concerns over restrictions on 
gamekeeper activities, disruptions due to the CROW act, raptor protection and public 
perceptions of the countryside seen as big issues. 
 
Type b. Commercial Grouse Moor (estates F, H, J, K, L, N): 
There are six type b estates. They are much larger than type a estates (177.7 ±44.1 
km
2
), although without the single largest estate, this goes down to 133.6 ±31.3 km
2
. 
Owners retain estate level shooting rights as a commercial venture on these estates 
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except for one, and even though income doesn‟t always match expenditure the aim 
seems to be to maximise profitability (or minimise losses). The grouse moor 
enterprise employs 0.48 full time staff per 10 km
2
 (mostly gamekeepers and beaters 
but also help with burning of heather and catering for guns). The only situation where 
the owner retains all grazing rights over a grouse moor is in type b estates, thus giving 
owners control over grazing pressures to optimise grazing for heather regeneration 
and red grouse. Three of these ranked the grouse moor as their most important activity 
by financial criteria, whilst the others cited letting as more important financially 
(commercial, residential or agricultural letting). These estates all mentioned sport or 
shooting as a priority of estate activities as a whole. There is always at least one full 
time game keeper employed, often more, and these estates may also employ 
housekeepers to maintain lodges for “guns” (visiting red grouse hunters) during the 
shooting season. They feel the pressure of government „interference‟ as some owners 
state it, such as the CROW Act and changes in the CAP. General bureaucracy is 
thought to be limiting by these estates. They expressed a high level of uncertainty 
over how CAP reforms will affect them and whether shooting will be banned in the 
near future. The overall feeling is mixed, but with fewer negative comments than for 
other types of estate. There is a general feeling that government are starting to realise 
the environmental benefits provided by grouse moors, and they are hopeful that the 
pressures they currently feel will ease. These estate owners perceive combining 
grouse management with public relations as a challenge to embrace rather than a 
problem to face.  
 
The mean size of estates is 111.4 km
2
, however the range is large. Type b estates 
cover 63% of the sampled area, type a2 cover 19% and type a1 take up the remaining 
18%. Up to six activities were practiced on each estate (Fig. 3.3 and 3.4), and 
although the estate might make a profit overall, each activity may not necessarily be 
profitable alone. Type b estates undertake the largest number of different activities, 
with type a1 estates practicing three to five of these, type a2 estates generally 
practicing only grouse shooting, hill farming and let farming, and type b estates 
practicing at least five of these, often all six. 
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 Table 3.3 Number of type a and b estates undertaking each activity.  
 
Estate 
type 
Number of estates undertaking 
Grouse 
shooting 
Hill 
farming 
Let 
farming 
Forestry Commercial 
(building) let 
Tourism 
a (n = 8) 8 6 7 2  1  2 
b (n =6) 6 4 6 5 5 3 
 
 
3.4.2 Tenant farmers summary  
For the estates which provided information about tenant farmers, there was an average 
of six tenant farmers per estate, thus an estimated 96 tenant farmers within the AONB. 
This is likely to be an underestimate because the largest estate did not provide farmer 
information. The total area of the North Pennines divided by the average tenant farm 
unit size allows for 300 units, although this an overestimate as it doesn‟t account for 
built up areas and roads (minimal space use), and some areas of land being managed 
by the estate directly (either as a farm or as a grouse moor) rather than being leased 
out. The true number of holdings is therefore likely to fall somewhere between 96 and 
300. The average size of farm units interviewed was 512ha, ranging from 57 to 1650 
ha.  
 
The terms of leaseholds varied from 1 to 20 year leases, with over half being for 10 
years or longer. Decision-making on broad management issues, such as entry into 
agri-environment schemes or maximum grazing levels, is sometimes left entirely up 
to tenant farmers (or shooting tenant where they have grazing rights) (5/14 estates) 
sometimes a joint decision (4/14 estates), with some requirements written into the 
contract, and sometimes “ultimately” the decision of the tenant, but with some 
encouragement from estate owners or land agents. For example on 2 estates the owner 
pays the initial consultation fees for a Farming and Wildlife Advisory Group (FWAG) 
advisor to visit each tenant farm to discuss possibilities for environmental 
management and suitable agri-environment scheme options, but it is entirely the 
decision of the tenant farmer whether to follow these consultations up with entry into 
a scheme.  
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The range of activities undertaken on farms was smaller than those by estates, 
covering farming and tourism, with all farms undertaking livestock farming (primarily 
sheep though also occasionally cattle, and in one case rare breed ponies) as their main 
activity, and 3/21 also undertaking some tourist activities. Profits are the primary 
motivation of all farms surveyed, although see section 3.4.4 concerning the 
importance of farming as a chosen livelihood. Financial data was not presented for 
tenant farmers because were either reluctant or too busy to provide sufficient financial 
information. However most did say that incomes were largely dependent on subsidies, 
and many struggle to get/stay out of debt. There were no trends in farm size or 
activities with estate type. Rents are set by landowners on tenant farms to allow a 
certain level of profits.  
 
3.4.3 Profits and loss 
Some estates were unwilling to part with financial data either because of 
confidentiality concerns or because of the time involved in preparing financial 
information. Representatives (either owners, land agents acting on behalf of the 
owner, shooting tenants or a combination of these) from estates A, C, E, J, M and N 
took the time and effort to provide financial information or allow the interviewer 
access to their records to extract the necessary figures. All financial figures are 
adjusted to August 2004 equivalent using inflation rates from the Incomes Data 
Services (available online, IDS 2006).  
 
Estates tend to make a loss or low profits, and profits are very variable (Fig. 3.2). 
These are all estates where the owner retains shooting rights, so income from grouse 
to the estate is not consistent. On estates where shooting is let, the estate owner 
receives a standard annual rent and this is not dependent on grouse bags. The shooting 
tenant on the other hand receives potential income from grouse shooting entirely 
dependent on bags. Average profits over all estates for all years that data is available 
is £11,113 (±63,524). Expenditure and income are both variable, but income generally 
more so than expenditure.  
 
Profits from grouse shooting vary between estates and years. For type b estates they 
are clearly positive on average whereas for others they are generally negative (Fig. 
3.3). In Fig. 3.3 we see that for estate J (type b estate), profits from grouse shooting 
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are higher than overall estate profits (Fig. 3.2), and estate N (type b) is the only estate 
for which profits from grouse shooting and to the estate as a whole are both positive, 
with grouse profits making up a considerable proportion of overall profits (Figs 3.2 
and 3.3). Therefore it seems on type b estates, grouse shooting can bolster or support 
other, less profitable activities. On type a estates it is not possible to make any 
inferences about the role of grouse shooting to estate profits without further financial 
data from type a estates (as opposed to shooting tenant finances which we have 
presented here). It may be that the rent the landowner receives from grouse tenants 
serves to bolster estate profits in the same way profits from grouse do on estates 
where owners retain the shooting rights and benefit directly from the income from 
grouse shooting.  
 
We can see how these are dependent on grouse bags for type b estates (J and N) but 
not for the type a estate with sufficient data (Fig. 3.4).  
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Figure 3.2 Average (over five to six years for each estate) profits (± SD) for 
estates as a whole.  
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Figure 3.3 Average profits (± SD) from grouse shooting, for whoever retains 
shooting rights, be it estate or shooting tenant. The estates are organised by 
type, with the first three being type a1, the next a type a2, and the final two, 
type b.  
 
 
 
Standard deviations are large showing high variability. Income is more variable than 
expenditure, with income largely driving the variability in profits from grouse 
shooting, reflecting the dependency on grouse densities which are cyclical (Fig. 3.5).  
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b) grouse bags  
 
Figure 3.4 Estate profits (a) and grouse bags (b) for the same estates, over 
time. The thick line is a type a1 estate, the others are type b estates. This 
demonstrates the reliance of estate profits for type b estates but not for the type 
a estate presented. 
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Figure 3.5 Profits to shooting tenants and grouse bags over time. Solid line is a 
type a2 estate, dotted and thick lines are type a1. These are the profits from grouse 
shooting to the shooting tenant, and the number of brace of grouse shot. This is for 
the shooting tenants, not the estate. 
 
 
Grouse bags are on average 430 (± 389) for type a1, 1392 (± 934) for type a2 and 
1629 (± 938) for type b estates. When standardised by size, the pattern changes: 8.21, 
14.21 and 10.36 km
-2
 respectively. Type a2 estates have the highest bags, although 
type b estates make positive profits from grouse shooting as opposed to the type a2 
estate with available data (Fig. 3.3). Type a2 estates stated shooting as a criterion for 
determining estate activities in its own right, and the representatives interviewed from 
these estates (land agents and shooting tenants) made it clear that although shooting 
rights are leased out, both shoot tenant and owner work together to ensure best 
practice moor management and maximum grouse densities. Type b on the other hand 
appear to balance costs of management with income and settle for a bag size which 
allows profitability on average but is perhaps not always as large as it could be. 
Where shooting rights are leased, the tenant‟s income is expected to follow grouse 
bags more closely than the estate‟s income does. However income remains constant 
and low for two of these tenants, and follows grouse bags to some extent for the other 
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(Fig. 3.5). This is because for some tenants, shooting is not a commercial enterprise 
and most (or sometimes all) shooting is given for free to family, friends and 
colleagues. The tenant whose profits do follow grouse bags to some extent does sell 
excess shooting if there are sufficient grouse densities.  
On average, 29% of grouse shot on type a1 estates are paid for, 61% of that on a2 
estates, and 78% of that on type b estates are paid for. If all the shooting given for free 
to family, friends and colleagues by shoot tenants (or owners where they retain 
shooting rights) were assumed to be paid for at the standard rate (the average price per 
brace of grouse actually sold for available figures was £117 per brace, although it is 
almost £150 per brace today), the profits would follow the grouse bags more closely 
although profits would still be negative most of the time (Fig. 3.6).  
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Figure 3.6 Profits from grouse shooting to the shooting tenant if all grouse 
shooting were assumed to be commercial, and the number of brace of grouse 
shot. Solid line is a type a2 estate, dotted and thick lines are type a1. 
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For commercial (type b) estates, we see that the profits due to grouse shooting are 
generally positive, and follow the grouse bags closely (Fig. 3.7). 
 
 
     
-250
-200
-150
-100
-50
0
50
100
150
200
250
1996 1997 1998 1999 2000 2001 2002 2003
Year
P
ro
fit
s
 (
£
1
0
0
0
's
) 
-4000
-3000
-2000
-1000
0
1000
2000
3000
4000
G
ro
u
s
e
 b
a
g
 (
b
ra
c
e
)
 
Figure 3.7 Profits to type b estates which are due to grouse shooting. Squares 
are the number of brace of grouse, crosses are profits due to grouse. 
 
 
Red grouse follow spatially asynchronous cyclical population dynamics (Hudson 
2001) generally cycling over four to five year periods. Figures 3.2 to 3.7 cover 1996-
2004 so should be fairly representative of the range of red grouse production.  
 
3.4.4 Management objectives 
Grouse shooting and farming (let or otherwise) are the main activities on all estates, 
and one of these was always ranked the most important activity for financial criteria 
except for one estate (type b) which ranked commercial lets as the most important. 
Let farming is always fairly highly ranked (1-3) for all estates types, whilst retained 
sheep farming is only important financially for some estates, but has a high rank 
where it is. Grouse shooting is very important financially for some estates, especially 
of type b, but not important for others, especially of type a1 (Table 3.4).  
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Table 3.4 Financial importance of activities to estates, with 1 being the highest 
ranked. Up to 6 activities were practiced on each estate, so the lowest ranking 
available is 6, but ranks below 4 were not included in this table. 
 
Estate type 
Activity 
Grouse Let farms Farming (retained) 
a1 4 1.5 1.5 
a2 2 3 2 
b 1 2 2.5 
 
 
For types a2 and b estate owners, shooting is one of their motivations and an 
important criterion determining estate activities, whilst type a1 estate owners are more 
likely to say this about conservation (Table 3.5). However grouse shooting is less 
important financially for type a2 than type b estates (Table 3.4). So, type a2 estates 
think that maintenance of shooting as an activity is important regardless of 
profitability. Only 9.5% of farmers interviewed deemed conservation as an important 
criteria for determining farm activities, so estate owners and shooting tenants are 
more likely to deem conservation important (45% and 49% respectively, see Table 3.5 
for breakdown by type). Shooting is also deemed important by some estate owners, 
especially type b owners (who tend to retain shooting rights) and, as expected, all 
shooting tenants. From respondent comments, shooting is important for its tradition 
and importance in the social fabric of rural life in the uplands. They state maintaining 
the tradition of red grouse shooting as their motivation.  
 
 
Table 3.5 Percent of owners and shooting tenants who state a) maintenance of 
shooting, and b) conservation, as a criteria for determining estate activities. 
 
 
Estate type 
% of owners who state as 
motivation 
% shooting tenants who state as 
motivation 
Conservation Shooting Conservation  Shooting 
a1 60 0 60 100 
a2 33 66 33 100 
b 40 100 50 100 
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The perceived ecological importance of estates (perceived by owners) was generally 
high, and this was something they were mostly very proud of (although this could be 
in part because I was known to be working with the Game and Wildlife Conservation 
Trust, a conservation non-governmental organisation (NGO)). Type a1 and a2 estates 
usually perceived their own profitability to be lower than that of other estates within 
the North Pennines, whilst the perceptions of relative profitability of type b estates 
varied, although could be low, and did not always correspond with actual profitability 
relative to other estates in the North Pennines (for example the second most profitable 
estate perceived its relative profitability to be low or average).  
 
3.4.5 Response to recent reforms of the CAP 
Seven estates expect CAP reforms to affect overall estate profitability, with five 
thinking they will not and two unsure. Of these, comments included that decreased 
stocking by tenant farmers as a result of CAP reforms will improve shooting income 
or that decreased farm incomes will lead to a requirement to lower rents (and thus 
lower estate income). However even where overall estate profitability is not expected 
to be influenced by CAP there is often an influence expected on individual activities 
(Figure 3.8).  
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b) Single Farm Payment (SFP) replacing previous subsidies 
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c) Uptake of tier 1 of Environmental Stewardship Scheme (ESS) 
 
Figure 3.8 Expected influence of CAP reform elements on estate profitability.  
 
 
Grouse management is the activity most often cited as expected to be influenced by 
CAP reforms, even though no payments are directed at grouse moors. All elements of 
the reforms encourage a lower stocking rate, which is expected to be beneficial for 
heather and to increase grouse densities. However two estates expressed concern that 
stocking levels might become so extremely low that they would wish to increase 
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them. Estate owners do not expect farming to be drastically affected overall, just a 
shift in emphasis on what is required to obtain the income. Tenant farmers have 
similar pattern of expected influences of the CAP reform (Table 3.6).  
 
 
Table 3.6 Farmers expected influence of CAP reform elements on their farms. 
N = 21.  
 
Reform element 
Number of farmers expecting influence to be 
Positive  Negative  Neutral  Don‟t know 
SFP 9 3 7 2 
Cross compliance 2 9 7 3 
Tier 1 ESS 14 1 3 3 
Tier 2 ESS 6 9 1 5 
 
 
Many of the farms for which cross compliance or tier 1 ESS agreements are likely to 
be positive expect this because their agreements with the land owner already stipulate 
some environmental maintenance requirements similar to those expected in the cross 
compliance and tier 1 ESS agreements. Hence the farmer will be paid to meet 
requirements for which he already receives lowered rents. There were no trends in 
expected influences of CAP reforms with estate type.  
 
3.4.6 Responses to potential future policy scenarios 
The farmer reactions to the eight scenarios (Table 3.7) are usually taken to mitigate 
adverse effects of the scenario on profits. Most farmers said they would undertake 
management that benefited wildlife as long as they were sufficiently compensated 
financially. However, others (4/21) said that they may not do so unless they were 
more than compensated, to mitigate any risks or mental expenditure in learning new 
management systems, or to compensate from loss of farming activity, which is their 
chosen livelihood. Estate representatives do not always act to maintain profits, for 
example half of respondents would take no action to mitigate the effect of lower 
grouse bags, evidently accepting a lower bag (but comments indicate this might be 
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only up to a point, although respondents could not indicate at what level of grouse 
bags they would reconsider). 
  
 
Table 3.7 Response of farmers to relevant scenarios. N = 21. Where farmers 
should any real degree of uncertainty, they were marked as „not sure‟. 
Scenario Response Number of 
farmers 
4) Back to nature 
subsidies 
No action 1 
Join scheme 9 
Not sure 11 
5) Free market 
situation 
No action 0 
Higher income activities 4 
Reduce costs 1 
Stop farming 7 
Not sure 9 
7) Increased visitor 
densities 
No action 2 
Build paths 3 
Access restrictions 2 
Tourism services 13 
Not sure 1 
8) Pay per nest 
scheme 
No action 2 
General bird conservation management 7 
Specific birds targeted in management 4 
Not sure 8 
 
 
Estate responses to scenarios (Table 3.8) are not always consistent across estate types. 
Type a1 moors are more likely to take no action, continuing managing the moor as 
always, especially in response to enforcement of NE burning guidelines, and 
consistently low grouse bags. Type b moors are more likely to take some mitigating 
action, for example building paths to prevent habitat destruction and disturbance to 
nesting birds if visitor densities were to increase, or targeting specific birds to attain 
pay-per-nest income if this were introduced. Type a2 moors are somewhere in 
between, taking actions in response to some scenarios but more likely to answer „no 
action‟ than type b moors.  Both of the type a2 moor respondents answered that they 
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would include raptors in predator control efforts if legally allowed to do so, whilst all 
type b respondents and half of type a1 respondents expressed strong views against 
harming raptors. Two type a2 moors said they might consider it in extreme cases. The 
four moors which answered that they might undertake raptor control were it legal 
were all estates which had listed maintaining the social fabric as a criterion for 
dictating estate activities, and not conservation. Although no estates admitted to 
undertaking raptor control at present, it is unlikely that they would do so given its 
currently illegal status. 
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Table 3.8 Response of grouse moor stakeholders to relevant scenarios. N = 10 
(four type a1, two type a2 and four type b). Some list multiple actions in 
response to increased visitor densities. 
Scenario Response Number of 
stakeholders 
1) Consistently low 
grouse bags 
No action 5 
Relinquish shooting rights 2 
Find complementary source of income 1 
Not sure 2 
2) NE burning 
guidelines enforced 
No action 6 
Increase keeper density 1 
More effective predator control 1 
Not sure 2 
3) Fox control 
restrictions 
No action 3 
Compensate with extra effort outside 
breeding season 
5 
More effort to other predators 1 
Not sure 1 
4) Back to nature 
subsidies 
No action 2 
Join scheme 4 
Not sure 4 
6) Wildlife laws 
removed 
No action 6 
Include raptors in predator control effort 2 
Possibly include raptors  2 
7) Increased visitor 
densities 
No action 4 
Build paths 3 
Access restrictions 3 
Tourism services 3 
Not sure 0 
8) Pay-per-nest 
scheme 
No action 3 
General bird conservation management 4 
Specific birds targeted in management 3 
Not sure 0 
 
 
3.4.7 Results summary 
The results presented above are summarised, by estate type, in tables 3.9 and 3.10.  
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Table 3.9 Typology of estates seen from owner‟s perspective. 
Feature Type a1 (n = 5) Type a2 (n = 3) Type b (n = 6) 
Size (±SE) km
2
 Small (46.1 ±14.5) Medium (98.2 
±36.9) 
Large (177.7 
±44.1) 
Estate profits 
(£1000‟s) 
-85.1 ±28.9 Unknown 16.3 ±62.6 
Percent of sampled 
area covered by 
estates 
18 19 63 
Expenditure on 
grouse activities 
 
Lower than other 
estates  
Variable between 
estates. 
High, but more 
consistent than 
income.   
Perceived 
ecological 
importance 
High Medium High 
Activities practiced 
beyond farming, 
agricultural lets and 
grouse shooting  
One or two 
additional only, if 
any, such as 
tourism or forestry 
One or two 
additional only, if 
any, such as 
tourism or forestry 
Wide range, 
including forestry, 
let fishing, 
quarrying, 
canoeing.  
Financial 
importance of 
grouse shooting to 
estate (1 highest) 
Low (4) Medium (2) High (1) 
Macro changes in 
management over 
last twenty years 
Some changes in 
burning and 
grazing patterns 
Changes in 
ownership. 
Few changes. 
These estates have 
generally retained 
ownership over 
many years and 
may have already 
evolved suitable 
practices not in 
need of reform.  
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Expected effect of 
CAP reforms on 
estate 
No effect on estate 
as whole. 
Positive influence 
of CAP reforms on 
estate profitability 
Positive influence 
of CAP reforms on 
estate profitability.  
 
 
 
Table 3.10 Typology of estates seen from shooting tenant‟s perspective (this 
can include the estate owner where owner retains shooting rights). 
Feature Type a1 (n = 5) Type a2 (n = 3) Type b (n = 5) 
Full time staff 
employed per 10 
km
2
  
0.23 0.41 0.49 
Profits from grouse 
shooting (±SD) 
£1000‟s 
Consistent but low 
(-112.6 ±27.6) 
Low (-70 ±2.7) Variable, can be 
high (65.7 ±87.3) 
Proportion of 
shooting which is 
commercial (paid 
for)  
0.29 0.61 0.78 
Average bag size 
per km
2
 (brace) 
8.21 14.21 10.36 
 
 
 
3.5 Discussion 
Estate owners as a whole are motivated by maintenance of the land for conservation 
but some more so than others. Although the rights structure of a piece of land is 
variable, it is possible to separate out the land uses, aims and motivations of each 
stakeholder, and target appropriate individuals. The landowners and shooting tenants 
are considerably more likely (45% and 49% respectively) to be motivated by 
conservation than tenant farmers (9.5%), backing up the secure land tenure hypothesis 
supported elsewhere (Panayotou 1993, Bandiera 2007). Estates in the North Pennines 
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are larger than the average for England (33 km
2
, Game Conservancy Trust 2001), 
more comparable with estates in Scotland (70 km
2
).  
 
Tenant farmers are motivated mostly by profits although some landlords ensure a 
certain standard of environmental maintenance in lease contracts, which can help 
estates achieve their conservation aims. Therefore any income farmers receive for 
undertaking what they were already committed to, is a financial bonus. The cross 
compliance, and in some cases ESS tier 1 agreements, are likely to provide these 
tenant farmers with such a bonus at least in the short term, until rents are adjusted to 
compensate. Because most landowners partially adjust rents to allow a certain 
standard of profits to farm tenants, those farmers that expect to lose out financially 
from CAP reforms may not do so into the long term, because rents may be reduced. 
This partially explains any expected negative impacts of CAP reforms on estate 
profitability; the expectation on estates to reduce rents.  
 
Commercial estates (type b) are perhaps the most important target for policy because 
they cover the largest area of the North Pennines of any one estate type (63%). This 
type is also likely to be the most receptive to political tools which generally rely 
heavily on financial incentives, because this type of estate has profitability as a higher 
priority than other types. Regulation is more likely to be effective on type a estates, as 
these are managed for reasons such as conservation (in which case regulations with 
the implicit goal of improving conservation might be welcomed and received warmly) 
or the enjoyment of shooting (in which case such policies may not be received so well 
if they hinder the practice of grouse shooting to any extent). Although out-with the 
scope of this study, hearsay and some literature suggests the law is not always 
adhered to on estates (raptor persecution for example, Green and Etheridge 1999), so 
regulations may not necessarily achieve improvements in conservation outcomes. 
  
Type b estate owners show that it is possible for profits to be positive from grouse 
shooting but they are generally negative on type a estates (Figs 3.4 and 3.5). It might 
be that these estates did not list grouse shooting as a priority activity for financial 
criteria simply because the profits are small or negative, and that they would respond 
well to opportunities to increase profits should these be presented to them, such as by 
paying for conservation management. Such management might overlap to some 
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extent with the management already undertaken for grouse shooting (e.g. Tharme et 
al. 2001, Robertson et al. 2001). From the responses to scenarios, this seems more 
likely for type a1 than type a2 estates. However it is likely that at least some of the 
shooting tenants and/or estate owners have no interest in making more profits, and can 
subsidise the cost of running a grouse-moor at a loss from other activities (as indeed 
they must given the negative profits from grouse shooting on some estates!). It is a 
hobby of the rich to own a grouse moor, and some members of the Times Rich List 
own grouse moors including its youngest entry for 2008. Comments from land agents 
confirm that the owner is rich from other sources for at least one estate in the North 
Pennines. The shooting tenant of another moor (which makes negative profits) stated 
that he gets financial help from friends and family to maintain the shoot, who in return 
have opportunities for grouse shooting. The ability to subsidise grouse shooting from 
other sources allows freedom to follow personal motivations such as shooting and/or 
conservation.  
 
There is potential benefit from targeting conservation incentives at all levels of the 
management hierarchy. Tenant farmers act to mitigate negative impacts of scenarios 
on profitability, or make the most of opportunities to increase profits. Although these 
explanations of likely reactions also hold for shooting tenants and estate owners, those 
which mentioned conservation as a motivation might use the scenarios as an 
opportunity to further increase the conservation benefits of their moor or estate. 
Although some raptors may play a role in suppressing grouse densities in some 
situations (Robson and Carter 2001), especially in the grass/heather mosaics found in 
the North Pennines (Redpath and Thirgood 1997), six out of ten interviewees say they 
would not undertake raptor control were it to be legally allowed (scenario 6, Table 
3.8) . One of the landowners who currently leases out shooting rights stated that he 
would under no circumstances lease these rights to anyone undertaking raptor control, 
legal or otherwise, and would terminate any contract where raptor persecution was 
suspected. Another respondent stated that even if only one or two estates decided to 
act on this change in the law, the public relations image of grouse moors would suffer 
as much as the raptor populations themselves. This is likely to be an acute assessment, 
given the publicity granted to cases of raptor (especially hen harrier) persecution by 
conservation organisations such as the Royal Society for the Protection of Birds 
(RSPB), and the fact that 26 organisations (including some well known ones such as 
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The National Trust, The Ramblers Association and The Wildlife Trusts) put their 
name to a recent report highlighting the threats faced by raptors today (RSPB 2008), 
which points the finger at grouse moors among other threats.  
 
In conclusion, this chapter has demonstrated that not all upland estates and red grouse 
moors are managed as a profitable enterprise, and that private objectives play a part in 
upland land management. It has characterised estates in the North Pennines according 
to factors such as size, profitability and management objectives, and has shown that 
large, commercially driven estates tend to produce only medium grouse densities, 
undertake a wider range of activities than other estates, and, along with the small 
estates, embrace wildlife conservation especially when it is subsidised by government. 
Type a2 estates on the other hand place maintenance of the shooting tradition as of 
higher importance than conservation, and reconciling conservation with grouse 
densities (although not necessarily income) on these estates may present a challenge 
for conservationists.  
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Chapter 4.  
What is More Important: Biodiversity or Landscape, the 
End or the Means? Contingent Valuation of an Upland 
Area in England.  
 
 
This chapter presents a contingent valuation of the North Pennines landscape and 
biodiversity, and assesses the importance of different factors in influencing these 
valuations.  It elicits positive and negative valuations for a number of alternatives, and 
presents an experimental element testing the influence of management information 
provision. 
 
 
4.1 Introduction 
Public understanding of the term „biodiversity‟ is poor with only 26% of the UK 
population being familiar with the word (Defra 2002), and 71% being totally 
unfamiliar with the IUCN definition of biodiversity. Once the concept of biodiversity 
was explained in layman‟s terms however, a high proportion of the general public 
(78%) considered that it was important (MORI and WWF 1991). Biodiversity is a 
difficult concept to define, but is generally understood to be some measure of the 
diversity or variability of living organisms within a specified geographical region, and 
can refer to scales such as genotypes, species or ecosystems. Many human activities 
have the effect of reducing biodiversity, such as intensive agriculture and 
deforestation (e.g. Raman 2006, Bradbury and Kirby 2006). It has been suggested that 
demonstrating the economic value of biodiversity will help us fight the many 
pressures to reduce it (Pearce 2001, OECD 2001).  
 
The use value of biodiversity can be observed where markets exist (such as timber 
production, or entrance to a site to view wildlife). Non-use values can not be so 
readily observed. Survey-based stated preference techniques such as contingent 
valuation (CV) and choice experiments (CE) are widely used to estimate the 
combined use and non-use values of public goods such as biodiversity (Mitchell and 
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Carson 1989, Bateman et al. 2002, Champ et al. 2003). Contingent valuation studies 
are the most commonly used economic valuation method, and typically involve 
asking an individual what they would be willing to pay for a specified outcome or 
policy change, contingent on the circumstances being created to allow this transaction 
to be made. For example an individual might be asked how much additional annual 
tax they would be prepared to pay to conserve a landscape such as the South Downs 
in England (Willis et al. 1995) or how much they would be prepared to donate to a 
trust fund to conserve coral reef biodiversity (Spash 2002).  
 
Given the political reality that we have limited space and financial resources for 
conserving biodiversity, perhaps the most prudent use of valuation studies is to decide 
what habitat to promote in a given area to provide the most desirable biodiversity 
assemblage, or simply the most biodiversity. Much of the literature valuing 
biodiversity, however, values specific elements of biodiversity, such as a species of 
interest, rather than „biodiversity‟ per se, with charismatic species such as the otter 
attracting significantly higher willingness to pay than less charismatic species (White 
et al. 1997 and 2001). Others have valued specific habitats such as allotments in 
south-east England (Perez-Vazquez et al. 2006) or the flow country in northern 
Scotland (Hanley and Craig 1991). Garrod and Willis (1997) and Willis et al. (2003) 
show willingness to pay (WTP) for increased biodiversity in Britains woodlands. 
Extending beyond specific habitats, Costanza et al. (1997) attempted to place a value 
on the world‟s ecosystem services and natural capital, highlighting many of the 
difficulties encountered in attempts to value habitats and biodiversity.   
 
Some valuation studies look at the outcome only, such as conservation of particular 
species (e.g. Tisdell and Wilson 2006) while others include elements of policy, i.e. the 
means by which the outcome would be achieved (e.g. Christie et al. 2006). The 
inclusion of a policy element is in general a more recent trend, and very few studies 
have looked at whether the inclusion of policy information influences respondents‟ 
preferences and stated willingness to pay. Christie et al. (2006) did compare different 
policies, although these were linked to subtly different outcomes and were not valued 
independently of the outcomes.  
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There are a number of factors in the design and application of contingent valuation, 
and in the innate principles, preferences and biases of individuals that might influence 
value estimates. The former can be controlled by the researcher while others are 
innate to respondents, and researchers tend to try to estimate the level of these factors. 
Some such innate factors might be underlying moral principles of respondents 
(Samples et al. 1986, Spash 2002, Urama et al. 2006), and willingness to engage in 
trading monetary goods for public goods such as environmental quality or wildlife 
(Adams 1995). Recently researchers have tried new approaches such as the use of 
calibration functions which relate hypothetical to real valuations (e.g. Shogren et al. 
1999), reminding respondents about budgetary considerations during the interview 
process (Loomis et al. 1994) and cheaptalk scripts explicitly discussing the 
hypothetical bias problem (Cummings and Taylor 1999).  
 
This chapter assumes that valuation of biodiversity is accepted as a useful 
contribution to its conservation, and attempts to deal with some of the problems 
inherent in finding the real value that society places on biodiversity. Using a case 
study in the North Pennines Area of Outstanding Natural Beauty (AONB), it values 
biodiversity that is of interest for conservation separated into three components 
(vertebrates, invertebrates and plants), and the landscapes that contain these elements 
of biodiversity. It assesses whether landscape or wildlife is more important to 
respondents. It also has an experimental element to investigate whether information 
concerning the management leading to these outcomes influences preferences and 
valuations. This is particularly interesting in the present case because one of the land 
uses in the area is management for red grouse shooting, and this plays an important 
role in maintaining some of the habitats and wildlife of importance for conservation 
(Thompson et al. 1995, Robertson et al. 2001). Blood sports have been controversial 
in the UK for some time, culminating in the recent ban on fox hunting, and grouse 
shooting is associated with raptor persecution in the popular press. Thus it is 
hypothesised that if visitors are concerned about the means of achieving the outcome 
as well as the outcome itself, then the preferences and willingness to pay for each 
outcome might be different for those who were provided with the information on 
management, or for those with a higher awareness of these issues already.  
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In summary, the aim of this study is to find a way to accurately value preferences for 
a complex good whose elements are mutually exclusive to some extent, in this case 
the landscape and wildlife in the North Pennines, and link this to controversial 
management. Specific objectives are, i) to discover what, if any, changes to the 
landscape and wildlife assemblage visitors to the North Pennines AONB would like to 
see in the future, and what is more important to respondents choices (landscape or 
wildlife), ii) estimate an annual willingness to pay (welfare) to preserve the North 
Pennines in its current state or to instigate specified changes in the landscape and 
wildlife, iii) detect and measure any negative preferences, and iv) investigate the 
influence of provision of information on management which maintains the landscape 
and wildlife, attitudes, and of previous knowledge about wildlife and the countryside 
in the UK, influences these choices and welfare estimates.  
 
The rest of this chapter is laid out as follows: first more detailed literature review and 
discussion relating to relevant methods and issues such as provision of information 
and negative preferences is provided. Then the case study, valuation approach and 
survey design and administration are described in the methods section. Results are 
presented including models of WTP. Finally, the results, policy implications and 
limitations of the study and its findings are discussed and the overall conclusion is 
presented to readers.  
 
 
4.2 Information provision and valuations 
When the use of contingent valuation was extended from situations where the 
respondents had experience in trading the good under question (such as fishing 
permits) to less well known goods such as wildlife protection (Boyle and Bishop 
1987) there was a decrease in the knowledge held by respondents for the good(s) 
under consideration. Poorly known species are likely to elicit lower valuations than 
more commonly known species unless information about the conservation status is 
provided to respondents (Tisdell and Wilson 2006). Combined with the low 
understanding of the term biodiversity, this raises concerns over the feasibility of 
consulting the public on biodiversity valuation. Under such circumstances, 
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information provided may be a determinant factor in preference formation and the 
quality and identity of information becomes paramount.  
 
The provision of some information to respondents does lower the dispersion of 
respondents knowledge (Tisdell and Wilson 2006), as well as lowering the number of 
protest bids (Kenyon and Edwards-Jones 1998), increasing the dispersion of 
willingness to pay (Tisdell and Wilson 2006), and can alter respondent preferences 
(Spash 2000). However Christie et al. (2006) found that workshops reduced the 
standard errors compared with individual questionnaires, but it is not clear whether 
this is due to the actual information provided or the chance to discuss (and converge) 
provided in workshops. In the same way as opportunities to discuss might be expected 
to lead to convergence, provision of a particular set of information might be expected 
to do the same to some degree due to the likely influence of the information provided 
on respondent‟s opinions and preferences. Christie et al. (2006) show that the method 
of information provision has little effect, and that too much information can be 
detrimental due to overloading and respondent fatigue.  
 
How much information does a respondent „need‟ to know to make an informed 
decision? This is a difficult question to answer. Hanley and Munro (1994) showed 
that supplying individuals with information relating to desirable characteristics 
increases their willingness to pay. Providing information about undesirable 
characteristics might reduce willingness to pay. Pope and Jones (1990) found that 
information provision on designation of wilderness areas had no influence on WTP at 
a time when this was actively debated in the popular press, suggesting that it does not 
matter how the information is provided to the respondents, as long as they do have 
some degree of knowledge about the issue concerned. However, in practical terms, 
there is the problem of how much information individuals can assimilate and 
understand. Christie et al. (2006) found that respondents would have become fatigued 
with any further information provision in their study. There is an experimental 
element in this study to look for an effect of supplying an additional amount of 
information over and above a baseline. The additional information concerns the link 
between management and outcomes, whereas the baseline information provides facts 
about management but does not link these to outcomes.  
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4.3 When is a benefit not a benefit?  
It is generally assumed that all respondents will have a preference for the 
good/scenario under valuation. However, zero bids may reflect an individual‟s 
preference for something other than the proposed option. They may be prepared to 
pay a positive amount for an alternative option or for maintaining the status quo, 
although this is rarely measured (exceptions include Keith et al. 1996). MacMillan et 
al. (2004) showed that 25-32% of respondents were opposed to geese conservation, in 
a study of the benefits of geese conservation. As suggested by MacMillan et al, these 
individuals may have been willing to accept compensation for an increase in geese 
numbers, or WTP something for a decline in geese numbers, or to prevent an increase.  
 
Although willingness to accept (WTA) compensation would be one way to measure 
negative preferences, WTA is rarely used in contingent valuation. The first published 
case of measuring both WTP for and WTA compensation for the same good/scenario 
(Leinhoop and MacMillan 2007) explicitly values WTA compensation for loss of 
wilderness resulting from development of a hydro-electric scheme for those against 
the scheme, and WTP for those in favour of the scheme. Where a good is preferred, 
WTA compensation for the loss of that good is often much larger than WTP for that 
same good (Pearce and Barbier 2000). As a conservative estimate, the NOAA Panel 
recommended the use of WTP (NOAA 1993). In the present study WTP to prevent an 
outcome with a negative preference is elicited as a more conservative estimate than 
WTA compensation. This WTP to prevent can be directly compared with the WTP to 
achieve the same outcome, because both are subject to income constraints (Willig 
1976), and it avoids possible loss aversion (Kahneman et al. 1991) if property rights 
are given to the respondent as is required to elicit WTA compensation.  
 
 
4.4 Case study 
The Northern Pennines was designated as an Area of Outstanding Natural Beauty 
(AONB) in 1988. At almost 2000 square kilometres, or just over 200,000 ha, it is the 
second largest of England and Wales AONBs. AONBs are designated as such because 
of their natural beauty, distinctive character, and flora, fauna and cultural associations. 
The North Pennines AONB contains 3 National Nature Reserves including England‟s 
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largest, 5 Special Areas for Conservation (SAC‟s) under EU habitats directive and a 
Special Protection Area (SPA) under EU birds directive. The AONB is home to 80% 
of Englands Black Grouse and 10,000 pairs of breeding waders (North Pennines 
AONB 2004).  
 
The North Pennines is promoted by some as being the best bird-watching country in 
England (North Pennines AONB Partnership 2004). The Merlin, a small falcon, has 
its UK stronghold in the Pennines, and is entirely dependent on heather moorland. 
Internationally important hay meadows are awash with wildflowers in late spring and 
early summer. The area attracts walkers, cyclists and horse riders with extensive 
networks of footpaths, bridleways and quiet roads. There are routes such as the 
Pennine Way walking route and the coast to coast (C2C) cycle route. There are many 
Youth Hostel Association (YHA) hostels, hotels and bed and breakfast establishments 
dotted throughout the area. 
 
4.5 Methods 
4.5.1 Valuation approach 
This study was designed to uncover the preferences of visitors to the North Pennines 
for alternative landscapes and biodiversity, the relative importance of each, and the 
impact of provision of additional management information. The CV method was used 
(Bateman et al. 2002, Champ et al. 2003). Choice experiments could be used in this 
situation, and would provide a valuation of each attribute independently. What is 
required here however is a valuation for the sets of attributes that are actually likely 
under alternative policies and not so much the trade-off between attributes. Given that 
the present situation is a complex one, the use of choice experiments would only add 
to the complexity. An overly complex questionnaire might not be appropriate for self-
completion which time and budgetary constraints demanded.  Moreover, given that 
CE tend to provide higher welfare estimates than CV (Foster and Mourato 2003), 
contingent valuation was deemed more suitable for the present situation.  
 
To design such a survey requires the assumption that specific management can lead to 
specific landscapes and biodiversity. There is considerable uncertainty behind the 
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linkages described, particularly in terms of causality as opposed to simple association. 
Some general trends and associations were established from published literature 
complemented with a mapping exercise combining broad vegetation data provided by 
English Nature, management data collected by the author from landowners, estate 
factors, and tenant farmers, and various biodiversity data sets provided by numerous 
organisations such as the Cumbria Bird Group, Buglife, and other plant, invertebrate 
and vertebrate recording or conservation societies of the UK or parts of (see Appendix 
II).  
 
The main factors of interest are landscape and biodiversity. The North Pennines 
landscape is open with a few broad habitats or vegetation types such as heather 
moorland, blanket bog or woodland in mosaic. Varying the extent of each element 
would have a noticeable impact on the overall landscape, and is a more feasible 
expectation than a change to a monoscape. Thus, each option in the questionnaire was 
based on an increase of one element, with corresponding decreases in the others that it 
would be likely to replace.  
 
The biodiversity attributes are more difficult to define. Biodiversity Action Plan 
(BAP) species are defined as globally threatened or rapidly declining in the UK and in 
need of management, hence have already been assigned a value by experts. Thus we 
have a ready to use index of species which are of concern for conservation. The UK 
Biodiversity Action Plan was launched in 1994 for dealing with biodiversity 
conservation in response to the 1992 Rio Convention of Biological Diversity. The UK 
BAP includes 391 Species Action Plans (SACs), 45 Habitat Action Plans (HABs) and 
162 Local Biodiversity Action Plans (LBAPs). These BAP species were divided into 
three broad taxonomic groups: plants, invertebrates and vertebrates, as respondents 
can understand these as logical groupings, and are likely to have some preferences for 
these broad groupings.   
 
The survey investigated the influence of provision of a particular piece of 
information, namely the management that maintains a particular habitat. Given that 
the method of information provision does not seem to be important, but that time to 
think (and possibly discuss) is (Christie et al. 2006), it was decided that an 
information sheet given to all respondents, with short sections of text supplemented 
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with appropriate pictures, would be a suitable means of conveying information to 
respondents. A split sample procedure was adopted: one of the sheets had additional 
information concerning management (split sample I) whilst the other did not (split 
sample NI). The information sheets should both contain identical background 
information and pictures, but the „management information‟ sheet should also contain 
some additional information about management, albeit brief to avoid the confounding 
factor of information overload which could start to have an effect if there is 
substantially more quantity of information in this sheet. Respondents could then take 
this sheet to read in their own time, before completing the survey questionnaire.  
 
4.5.2 Survey Design 
The CV questionnaire comprised five sections. For the full questionnaire, see 
Appendix IV. The first section asked how many times the respondent had been to the 
North Pennines, number of people in party, distance travelled from home and the 
reason for visiting. The second had a series of attitudinal questions based loosely on 
Kellert‟s (1980, 1985) typology which describes societal attitudes towards nature. 
Intrinsic beliefs, and attitudes have been shown to influence both likelihood of 
providing a positive WTP value, and the WTP value itself (Spash 2002, Holland and 
Cox 1992, Urama et al. 2006). The questions included both context-specific and 
general attitudes.  
 
In the third section, the „choice‟ section, respondents were given two sets of 
alternative outcomes and asked to choose their favourite outcome in each set. The first 
set of alternatives described changes in different aspects of the landscape (see Fig. 
4.1) and the second described possible changes in wildlife assemblage (Fig. 4.2). Each 
scenario was based on an increase in one particular element and the corresponding 
decreases in other elements that would be likely to result. For example scenario B in 
the set of landscape choices (Fig. 4.1) represents an increase in heather cover which 
would be likely to replace rough grassland as a result of decreased grazing pressures 
and more suitable burning practices. The corresponding change in wildlife 
assemblage B was represented in the second set of choices (Fig. 4.2) although 
respondents were not told that the wildlife changes corresponded to landscape 
changes at this stage. These were presented as increases or decreases in the number of 
birds and mammals, insects and spiders, and plants that are deemed important for 
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conservation. This latter point was emphasised to respondents; it is not the total 
number of individuals or of species, but of species deemed important for 
conservation. These were based on likely changes in BAP species attained from a 
combination of literature review, current trends in these species on different habitats
4
, 
and verified by expert opinion. However respondents were not provided with details 
about this or the term „BAP‟ but rather changes were discussed in terms of an increase 
or decrease in the number of birds, or plants, etc that are of importance for 
conservation (a loose accessible interpretation of BAP).  
 
It is worth paying particular attention to scenario C here, because it is used in the 
penultimate chapter (Chapter 6) to compare with the landscape and biodiversity 
outcomes of various future policy scenarios. This scenario was chosen as the 
illustrative scenario for Chapter 6 because it is that expected if management for red 
grouse ceases. As such, it is that most feared by upland conservation organisations, 
and there has been research into the potential cost to conservation of a loss of heather 
moorland (e.g. Robertson et al. 2001, Tharme et al. 2001) resulting from cessation of 
red grouse shooting in the UK uplands. It was also the scenario where the experts 
consulted for verification and finalising of these scenarios agreed the most. 
 
There were five alternative outcomes, with A representing no change from today‟s 
situation, B represents an increase in heather cover, C an increase in rough grassland, 
D an increase in blanket bog, and E an increase in woodland cover.  
 
The scenarios were presented to respondents as in Figs 1 and 2, with thicker arrows 
indicating a relatively larger change. Respondents were asked to choose first their 
preferred landscape outcome, then their preferred wildlife outcome, then finally their 
preferred combined outcome. 
 
 
 
 
                                                 
4
 Estimated from survey data obtained from various groups such as English Nature, Cumbria Bird 
Group and other local bird groups, and various bird, mammal, plant and invertebrate recording 
societies in Britain such as the British Arachnological Society. See Appendix II.  
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Figure 4.1 Landscape outcomes. 
 
 
 
Figure 4.2 Wildlife outcomes. 
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Respondents were then told how the landscape and wildlife scenarios matched up (for 
example scenario B in the second choice corresponds to scenario B in the first) and 
asked what one option they would choose now, taking into account the overall change 
in landscape AND wildlife simultaneously.  
 
In the section that followed, the „valuation‟ section, respondents were asked what they 
would be prepared to pay to achieve each of the scenarios A, B, C, D and E, 
comprising both the landscape and wildlife changes. Two design features of the 
survey are worth discussing further as they do not correspond to the standard 
recommendation for CV survey design- i.e. the use of voluntary payment vehicle and 
of open-ended elicitation format.  
 
The payment vehicle was an annual donation for the next five years (Champ and 
Bishop 2001, Bandera and Tisdell 2005) to an organisation whose sole responsibility 
was to maintain the North Pennines AONB as described in the scenarios. This has 
been shown not to be incentive compatible (Seip et. al. 1992, Champ et al. 1993) 
leading to over-estimation of welfare, but can make reasonable welfare estimates in 
certain situations (Champ and Bishop 2001, Bandera and Tisdell 2005). Given the 
current situation and sample population, the use of a compulsory payment such as tax 
or entry fee is not feasible. These visitors have already shown knowledge of and 
interest in the area by choosing to visit it, so their valuations may be unrealistic as a 
nationwide tax. An entry fee would be difficult to implement given the scale of the 
area and the fact that it is owned by multiple private landowners but is subject to the 
Countryside Rights of Way (CROW) act allowing access on much of the land. 
Voluntary donations represent a plausible means of providing small-scale public 
goods (Champ et. al. 2003). The present case study is the kind of project individuals 
are often asked to donate to. An annual donation to a charitable organisation whose 
sole responsibility is to maintain the North Pennines will make sense to respondents. 
A cheaptalk script was used to reduce the hypothetical bias (Cummings and Taylor 
1999, Lusk 2003) potentially exacerbated by use of a voluntary-donation payment 
vehicle. Cheap talk involves making the problem of hypothetical bias explicit to 
respondents and asking them to think carefully about what they would actually donate 
given their other financial obligations. Pilot studies suggested that the cheaptalk script 
was effective and that WTP bids were valid.  
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Close ended formats are popular in contingent valuation, because they reduce zero 
and non-responses, avoid extremely large (perhaps unrealistic) responses, and are less 
prone to strategic bias than open ended formats (Mitchell and Carson 1989). 
However, there is evidence of anchoring effects, where the bid is pulled towards the 
suggested payments (discussed and demonstrated in Green et al. 1998) and starting 
point bias (where the initial bid influences the WTP findings, see Bhatia 2005). The 
current questionnaire involves five valuations, (possibly up to ten if there are zero 
bids in the first stage, and WTP to prevent values are then elicited). This would 
involve five payment cards which would be cumbersome and fatiguing for 
respondents. The sample size is unlikely to be sufficient for dichotomous choice, 
which might be less cumbersome over five valuations. Pilot stages indicated a wide 
range of potential payments, but none unrealistically high, and that respondents got 
bored after about two or three payment cards. An open ended method was therefore 
implemented. If respondents answered zero willingness to pay for any of these 
scenarios, they were then asked if they would be prepared to pay anything to prevent 
that outcome (and if so, how much). Continuous reference to „The North Pennines‟ 
was made to ensure respondents understood that they would be paying for 
maintenance of this area only and not the UK or UK uplands in general (embedding).  
 
Follow-up questions asked respondents why they answered the amount they did for 
their willingness to pay. These questions helped to identify protest bids and strategic 
bids. For example, respondents were asked the reason for any positive willingness to 
pay responses, and were given choices such as “I want to show how much I value the 
environment and/or wildlife in general, even though I would not actually pay this 
amount”, which would indicate a strategic bid.  
 
The final section contained standard socio-economic questions such as age, gender, 
household income, nationality, education level attained, and a quiz. The quiz was 
designed to estimate the respondents‟ general knowledge of wildlife and conservation 
and was presented as an optional, fun quiz with a prize on offer (a bottle of single 
malt Scottish whisky) for the first quiz with a score over fifty percent to be pulled out 
of a hat. It consisted of twelve questions with a potential for scoring up to 28 in total 
(some questions had multiple parts or answers). The questions covered the whole 
range of a „difficulty‟ standard. This standard was graded by the proportion of pilot 
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respondents answering a larger sample of questions correctly. The pilot sample for the 
quiz included a group of biology MSc and PhD students, to try and simulate the 
higher level of knowledge expected from visitors to an area who might already know 
more than the average population about issues affecting that area. The quiz included 
both natural history or wildlife questions such as “what kind of animal are raptors” (a 
difficult question), and questions relating to management, relevant organisations or 
general upland issues, such as “what does WWF stand for” (an easy question). 
Presenting it as optional and fun prevented respondents feeling uncomfortable about 
being tested, but still allowed an estimate of the knowledge level. Because 
respondents filled in the survey in their own time, there was an unavoidable chance of 
respondents researching their answers.  
 
4.5.3 Survey Administration  
The questionnaire was printed with instructions in a format that respondents could 
complete on their own. The researcher approached visitors and explained that they 
were undertaking research into visitors preferences, and asked if they would be 
interested in completing a questionnaire. If respondents were willing, the researcher 
spent a few minutes talking the individual through each section of the questionnaire, 
and in particular the choice section. The tables with the options were shown and 
explained to respondents to ensure that they understood how the question worked. 
They were also told that the quiz was optional but that a prize was on offer. The 
questionnaires were accompanied by a stamped addressed envelope and respondents 
were asked to post them back to the researcher on completion.  
 
Individuals were approached in the North Pennines in various locations. The most 
productive target areas were the car park at a nature reserve with some short walks 
and which is on the Pennine Way to target long distance walkers (i.e. the Pennine 
Way), the square in Alston, a market town, and the largest town in the study area, and 
a picnic spot not far from a road passing through the middle of the study area. Any 
individuals at the car park or picnic spot were approached, and any which looked like 
visitors in Alston. One questionnaire was distributed per group, rather than per 
person, although few groups were larger than two. I and Ni split samples were 
distributed randomly to individuals. Each morning a selection of both were shuffled 
together into a pile and the top one from the pile given to respondents. The 
  
 82 
questionnaires were marked on the back allowing the researcher to identify which 
information sheet had been provided, on receipt of the completed questionnaire.  
 
A total of 500 final questionnaires were distributed (250 each of the I and NI split 
samples) between Monday 14
th
 August and Saturday 30
th
 September 2006. 
 
 
4.6 Results  
There were 192 responses to the questionnaire with additional information (I split 
sample), and 212 to the questionnaire without additional information (NI split 
sample). Thus the response rate was 81%. The total number of respondents who 
completed choice and valuation questions was 376. This is the total sample size for 
the results sections unless otherwise stated.
 5
 
 
For all statistical tests, the significance of a result or coefficient is indicated by:  
„ P < 0.1 
* P < 0.05 
** P < 0.01 
*** P < 0.01 
  
4.6.1 Sample characteristics: 
Only ten of the respondents were not British nationality (Table 4.1). 61% of 
respondents were male. The mean age category corresponded to 50-54 years old, with 
over 64 years being the single most common category. The mean income category 
was £20,000-£29,000. This compares well to the mean UK household income of 
£24,250 (Tagg 2004). Over half of respondents were members of an environmental or 
conservation organisation. The sample compares reasonably well with the profile of 
visitors passing through Alston (data from Cumbria 2006 and pers com. Cumbria 
Tourist Board), a market town within the North Pennines, which although small, is the 
main town within the North Pennines AONB. Visitors to Alston have a higher mean 
                                                 
5
 Data analysis was undertaken in Intercooled Stata 9.  
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income (based on centre of income category) by £2,780, or one category difference in 
median income (Wilcoxon rank sum = 159 844***)
6
. 
 
 
Table 4.1 Socio-economic characteristics of the sample.  
  Sample Alston 
visitors  
Variable Level Number  Proportion Proportion  
Sex Male 228 0.61 0.59 
 Female 148 0.39 0.41 
Age 1. 15-19 0 0 0.01 
 2. 20-24 0 0 0.01 
 3. 25-29 0 0 0.02 
 4. 30-34 14 0.04 0.02 
 5. 35-39 28 0.07 0.06 
 6. 40-44 32 0.09 0.08 
 7. 45-49 54 0.14 0.12 
 8. 50-55 58 0.15 0.14 
 9. 55-59 60 0.16 0.15 
 10. 60-64 60 0.16 0.16 
 11. >64 70 0.19 0.23 
 Non response 0 0 NA 
Education 1. Primary 14 0.04 NA 
 2. GCSE 30 0.08 NA 
 3. A-level 36 0.1 NA 
 4. Trade qualification 82 0.22 NA 
 5. Degree 130 0.35 NA 
 6. Higher degree 82 0.21 NA 
 Non Response  2 0.005 NA 
Member of 
Environmental 
Yes 204 0.54 NA 
No  166 0.465 NA 
                                                 
6
 I and NI samples were similar to each other, with no statistical differences between sub sample 
characteristics (combination of Chi square and Wilcoxon rank sum tests where appropriate). 
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Organisation  Non Response 6 0.015 NA 
Nationality British 360 0.96 0.95 
 Dutch 2 0.005 0.01 
 German 2 0.005 0.005 
 Australian 6 0.015 0.01 
 Other 0 0 0.025 
 Non response 6 0.015 NA 
Income Less than £5,000 0 0 0 
 £5,000 -9,999 24 0.06 0.04 
 £10,000-19,999 68 0.19 0.18 
 £20,000-29,999 88 0.23 0.19 
 £30,000-39,999 46 0.12 0.17 
 £40,000-49,999 54 0.14 0.20 
 £50,000-69,999 48 0.13 0.17 
 £70,000-£99,999 12 0.03 0.03 
 £100,000 or more 8 0.02 0.02 
 Non Response 28 0.08 NA 
 
 
 
4.6.2 Use of area: 
Only 78 out of 376 (21%) respondents were in the North Pennines for the first time. 
The others had previously visited on average 10-14 times. Respondents visit at all 
times of year, but most commonly spring and autumn, although most of the repeat 
visitors had visited at various times of the year. The mean party size is 2.7, with a 
median of 2, and a range of 1 to 16. The mean distance travelled from home to reach 
the North Pennines AONB was 185 miles, with a range from 3 to 10,000 (two 
respondents were from Australia, the rest were from Europe). Excluding the two 
respondents from Australia, the mean distance travelled is 132 miles.  
 
Reasons for visiting (Table 4.2) are mostly holiday, walking or general 
recreation/pleasure. The „Other‟ category included scenery, wildflowers, 
photography, waterfalls, wildlife, countryside and geology. Hunting was not provided 
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as a reason because no-one answered this in the pilot studies. However, 13 
respondents either specified „grouse shooting‟ as the reason when choosing the „other‟ 
category, or mentioned in the comments section at the end of the questionnaire that 
they shoot grouse (grouse shooting is termed „shooting‟ by grouse shooters, not 
hunting, to avoid confusion with fox hunting).   
 
 
Table 4.2 Reasons for visiting  
Reason for visiting N Proportion (out of 376) 
Holiday 118 0.31 
Walking  92 0.24 
Pleasure 18 0.05 
Recreation  10 0.03 
Other 138 0.37 
 
 
4.6.3 General environmental knowledge
 
The optional quiz was completed by 252 respondents. The level of knowledge varied 
although it was generally quite good especially considering pilot studies had 
suggested that some of the questions were quite hard. The average score was 78% (± 
0.81), and no-one scored 0. An attempt was made to identify the determinants of 
knowledge. For this purpose, an ordinary least squares regression was performed 
using the socio-economic explanatory variables from Table 4.8. The dependent 
variable was the quiz score in percentage form. The results were not particularly 
informative, and showed that, using backward stepwise deletion, the final model 
included only being a member of an environmental organisation (env) as a significant 
explanatory variable (R
2
 = 0.23). Members of environmental organisations scored on 
average 10.5% (± 1.53) more than non-members. Although there is only 1 significant 
explanatory variable, this does explain over 20% of the variance in quiz scores.  
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4.6.4 Attitudes: 
4.6.4.1 General attitudes: 
The most commonly held attitudes (Table 4.3) are strongly naturalistic, strongly 
aesthetic, strongly NOT dominionistic, and strongly NOT neutralistic. i.e, visitors to 
the North Pennines AONB have an interest and affection for wildlife and the 
outdoors, an interest in the artistic and symbolic characteristics of animals and their 
habitats, have no interest in mastery and control over wild animals, and do not avoid 
nature or wildlife due to indifference.  
 
 
Table 4.3 Strength of attitudes. [Note: 5 represents strongly agreeing with the 
specified attitude, and 1 represents strongly disagreeing, with 3 representing 
neutral.] 
 Attitude Strength Proportion 
Naturalistic (a) I feel it is important for people to have 
natural places to enjoy. 
1 0.01 
2 0 
3 0 
4 0.09 
5 0.90 
Negativistic (b) I prefer home comforts to wilderness. 1 0.15 
2 0.34 
3 0.40 
4 0.08 
5 0.02 
Blank 0.01 
Humanistic (c) I prefer domesticated animals to wild 
animals. 
 
1 0.16 
2 0.38 
3 0.44 
4 0.005 
5 0.005 
Blank  0.01 
Aesthetic (d) I find nature to be a strong source of 
inspiration and love to see it in its natural state. 
1 0.005 
2 0 
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3 0.005 
4 0.16 
5 0.83 
Blank  0 
Utilitarian (e) I think it is good to maintain areas of 
countryside to generate money through tourism. 
 
1 0 
2 0.07 
3 0.08 
4 0.45 
5 0.35 
Blank  0.05 
Dominionistic (f) I would really enjoy spending a day 
hunting a wild animal. 
1 0.74 
2 0.13 
3 0.08 
4 0.03 
5 0.02 
Blank  0 
Ecologistic (g) I think the natural balance of the 
environment is important in preventing natural 
disasters such as flooding. 
1 0.02 
2 0.03 
3 0.03 
4 0.32 
5 0.59 
Blank  0.01 
Neutralistic (h) I have little interest in nature and think 
that money spent on maintaining wildlife could be better 
spent elsewhere. 
1 0.76 
2 0.21 
3 0.005 
4 0.005 
5 0.02 
Blank  0 
Specific (i) I feel the North Pennines represents an 
important area for wildlife conservation. 
1 0.005 
2 0 
3 0.02 
4 0.24 
5 0.72 
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Blank  0.02 
Specific (j) I would like to be able to spend more time 
enjoying the North Pennines countryside. 
1 0 
2 0 
3 0.12 
4 0.39 
5 0.48 
Blank  0.005 
Specific (k) I would enjoy visiting visitor centres or 
other tourist attractions in the North Pennines if there 
were a wider selection. 
1 0.04 
2 0.16 
3 0.45 
4 0.23 
5 0.10 
Blank  0.005 
Specific (l) I think the North Pennines could generate 
more money than it does at present, for example by 
providing more facilities for tourists.  
1 0.04 
2 0.19 
3 0.43 
4 0.23 
5 0.05 
Blank  0.06 
 
 
Twelve attitudes are too many to incorporate as explanatory variables in statistical 
models, and so attempts to find a smaller number of variables which summarise 
respondents general attitudes were sought. A Principle Components Analysis (PCA)
7
 
was performed on the twelve attitudes in order to collapse the variation in attitudes 
into fewer variables. Six components were required to explain 80% of the variation. 
This was reduced to five components using a polychoric correlation
8
 for the PCA. A 
factor analysis
9
 was even less informative, with six factors explaining less than half of 
                                                 
7
 PCA is an orthogonal linear transformation to reduce the number of dimensions in multi-dimensional 
data. It looks for axes of variation which explain most of the variation within the data.  
8
 Polychoric correlation estimates correlations between two theorised continuous and two observed 
ordinal variables. It is useful for surveys with a response scale such as „strongly disagree‟ to „strongly 
agree‟, as used here.  
9
 Factor analysis tries to explain variability among observed variables in terms of fewer unobserved 
variables called factors. The observed variables are assumed to be some linear function of the 
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the variation. For most of these attitudes there is little variation among respondents. 
The exceptions are negativistic and humanistic, and two of the North Pennines 
specific attitudes. These attitudes alone will be used in later analysis instead of 
components extracted from PCA.  
 
Because respondents tended to cluster around either agree or disagree for most 
attitudes, Cronbach‟s alpha10 was examined to see if these attitudes represent 
consistent choices within participants. The alpha score was 0.689, deemed as 
consistent. The dominionistic attitude could be seen as representing an 
environmentally aware attitude in either direction. Removal of this attitude made little 
difference, resulting in an alpha of 0.701. This suggests that using a small selection of 
attitudes as explanatory variables in later statistical models would capture the overall 
attitudinal beliefs of respondents reliably. Those with the most variability across 
respondents was chosen, namely negativistic (b), humanistic (c), enjoy visitor 
attractions in North Pennines (k), and North Pennines could generate more money 
through tourism (l). 
 
Attitudes were compared between members of environmental organisations and 
others using a binomial proportions test
11
. The proportion of respondents which 
answered either „agree‟ or „strongly agree‟ for each attitude was compared between 
members of an environmental organisation and non-members. Respondents who were 
members of an environmental organisation were more likely to be humanistic (P < 
0.01), and more likely to be utilitarian (p <0.05) than respondents who are not 
members of an environmental organisation. Thus membership of an environmental 
organisation appears not only to influence knowledge but is determined to some 
extent by attitudes.   
 
 
 
 
                                                                                                                                            
unobserved factors (plus error terms). It can be equivalent to PCA only if the errors in the factor 
analysis model have the same variance. 
10
 Cronbach‟s alpha is a measure of reliability or internal consistency, of a psychometric instrument. 
11
 Binomial proportions test tests the statistical significance of a difference in proportions between two 
groups. It is similar to Chi-squared tests, but deals with proportions rather than counts.  
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4.6.4.2 Context specific attitudes: 
Respondents were given 100 points to distribute between seven different features 
(including „other‟) of the North Pennines. Landscape was the highest scoring 
attraction of the North Pennines (Table 4.4), scoring on average 41 out of 100.  
 
Table 4.4 indicates that landscape appears to be more important to respondents than 
wildlife, and therefore the alternative landscape scenarios presented to respondents 
(Fig 4.1) might be more influential in their final choice of outcome than the 
biodiversity scenarios (Fig 4.2).  
 
 
Table 4.4 Scores of features of the North Pennines, given 100 to distribute. 
[Note other included local produce, pubs and people].  
Feature Mean score Modal score 
Landscape 41 50 
Peace and quiet 27 30 
Wildlife 20 10 
Sports 4 0 
Culture 6 0 
Shopping 1 0 
Other 1 0 
 
 
The questions asked for general views, not specific to the North Pennines, but it could 
be expected that because the respondents chose to visit the North Pennines they used 
this area as a reference point. Table 4.5 shows the frequency of each rank from 1
st
 
favourite to third favourite. Trees are the most favoured vegetation type. Birds were 
the most favoured kind of organism, followed by plants then mammals.  
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Table 4.5 Preferences of respondents for vegetation and wildlife. [Note some 
respondents placed two elements jointly in a ranking, so some totals deviate 
from 376. Some organisms will have been ranked fourth or fifth, as there are 
five elements, so these totals will be less than 376]. 
Element  First favourite  Second 
favourite 
Third favourite 
Vegetation  Heather             144  176 56 
Grass 66 100 210 
Trees 188 94 94 
Organism     
                    
            
            
            
Birds 194 128 42 
Plants 120 108 108 
Invertebrates 10 20 28 
Herpetofauna 16 6 58 
Mammals 98 112 126 
 
 
4.6.5 Landscape and wildlife choices: 
Table 4.6 and Fig 4.3 shows the frequencies of each possible outcome for landscape, 
wildlife, and combined, as elicited in the choice section of the questionnaire (see 4.2 
above). As a reminder, A represents the status quo, B an increase in heather moorland, 
and rare or threatened insects and spiders and plants. C represents and increase in 
grass, insects and spiders, D an increase in blanket bog, birds and mammals and 
plants, and E an increase in tree cover and birds and mammals. Respondents were first 
asked which landscape they would prefer, then they were presented with alternative 
biodiversity assemblages (corresponding to these landscapes, although this was held 
back from respondents at this stage). Finally they were told that the landscapes were 
linked to the corresponding biodiversity assemblage, and asked which overall 
(combined) outcome they would prefer given this knowledge. Those with 
management info are more likely to choose outcome C and less likely to choose the 
status quo than those without management info for the wildlife outcome (Table 4.6 
and Fig. 4.3) (
2
39.8***, df = 4). Those with management info are more likely to 
choose outcome C than those without management info for the combined outcome 
(Table 4.6 and Fig. 4.3) (
2
33.9***, df=4). 
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Table 4.6 Proportion of respondents which chose each landscape, wildlife, and 
combined outcome, for each information treatment (I = additional land use 
information, Ni = without).  
 Landscape  Wildlife  Combined  
Outcome I Ni I  Ni I Ni 
A (status quo) 0.22 0.23 0.26 0.37 0.21 0.27 
B (heather moorland) 0.17 0.18 0.01 0.03 0.06 0.04 
C (rough grassland) 0.05 0.04 0.20 0.11 0.10 0.01 
D (blanket bog) 0.26 0.24 0.48 0.41 0.46 0.42 
E (woodlands) 0.30 0.31 0.05 0.08 0.17 0.26 
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Figure 4.3 Comparison of preferences of respondents for landscape, wildlife, 
and combined outcomes, for the sub-sample with the additional land use 
information (I) and for the sub-sample without this additional information 
(Ni).  
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Chi square tests were performed to test for hypothesised associations between first 
favourite preferences for vegetation and for organisms, and choice of outcomes in  
Table 4.6. For example we would expect an association between ranking heather as 
most preferred vegetation type (Table 4.5) and choosing outcome B (Table 4.6), 
which represents an increase in heather moorland cover. All associations were 
significant, and are in the expected direction (Table 4.7). For example, there is a 
significant association between choosing outcome B for landscape in Table 4.6, and 
ranking heather moorland as first favourite vegetation type in Table 4.5 (Table 4.7).  
 
 
Table 4.7 Chi squared measure of association between preferred vegetation 
and organisms, and chosen landscape or wildlife outcome in the valuation 
section.  
 
Associations between 
Chi 
Square  
D.F.  Are associations 
as expected?  
Heather rank and heather landscape outcome. 32.4*** 8 Yes 
Grass rank and landscape outcome. 35.8*** 8 Yes  
Trees rank and woodland landscape outcome. 52.9*** 8 Yes  
Birds and mammals rank and birds and 
mammals biodiversity outcome. 
42.49*** 12 Yes  
Plants rank and plants biodiversity outcome. 31.85** 12 Yes  
Insects and spiders and biodiversity. 20.99*** 8 Yes  
 
 
 
42% of respondents chose the same outcome for both landscape and biodiversity. Of 
those that did not, 40% chose that which they preferred as landscape outcome as the 
combined outcome, and 39% chose that which they preferred as the biodiversity 
option (see Fig. 4.4). For example most of those choosing the status quo for landscape 
also chose it for wildlife (and hence for the combined outcome), but of those that 
chose the status quo for landscape and chose the wildlife associated with the increase 
in blanket bog cover, some went with their landscape preference when asked to 
choose one combined outcome, some went with their wildlife preference, and a few 
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made a compromise and chose the combined outcome associated with an increase in 
grassland cover.  This provides no evidence that landscape or wildlife are more 
important than the other in shaping overall preferences.  
 
 
 
 
Status Quo
Heather Moorland
Grassland
Blanket Bog
Woodland
 
 
 
Figure 4.4 Preferences for landscape, biodiversity and the combined outcome. 
The inner circle represents landscape preferences, the middle circle shows the 
biodiversity outcomes preferred by those with each landscape preference, and 
the outer circle shows the preferred combined outcomes for each set of 
landscape and biodiversity preferences.  
 
 
A multinomial logistic model was performed, using the variables in Table 4.8 as 
explanatory variables, to investigate the determinants of the probability of a 
respondent choosing a combined outcome other than the status quo. Multinomial 
logistic regression compares each outcome to a baseline, and assesses the odds of 
each outcome relative to this baseline.   
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Table 4.8 Summary of explanatory variables used in following models.  
Variable Scale Description 
Socio-economic 
Income Continuous Mid-point of each category used. £1000‟s. 
Log income Continuous Log (Mid-point of each category used. 
£1000‟s.) 
Income ^2 Quadratic Income times income, used to check for a peak 
or dip in income effect.  
Age Continuous  Mid-point of each category used. Years.  
Age ^2 Quadratic Age times age, used to check for a peak or dip 
in age effect. 
Educ Ordinal Education categorical variable, from 1 = 
primary education to 6 = higher degree (MSc 
or PhD).  
Male Nominal Dummy variable, 1= male 
Miles  Continuous Miles travelled from home to accommodation 
in North Pennines 
Attitudinal 
Negativistic Ordinal  Degree of agreement with a statement 
representing a negativistic attitude scale 
Env Nominal Member of environmental organisation. 
Dummy variable, 1 = member 
Preference 
Choice Landscape Categorical Landscape preference. Choice A, status quo, is 
used as reference.  
Choice Landscape  Dummy 4 dummy variables, one for each choice of 
landscape outcome. For example, “Landscape 
B” dummy variable, 1 = chose landscape B.  
Choice Biodiversity Categorical Biodiversity preference. Choice A, status quo, 
is used as reference.  
Choice Biodiversity  Dummy 4 dummy variables, one for each choice of 
biodiversity outcome. For example, 
“Biodiversity B” dummy variable, 1 = chose 
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biodiversity B.  
Same Dummy  1 indicates that the same scenario was chosen 
for both landscape and biodiversity outcomes.  
Landscape first Nominal  Dummy variable. 1 = landscape is the first 
ranked attraction of the North Pennines (from 
Table 5). 
Wildlife first Nominal  Dummy variable. 1 = wildlife is the first ranked 
attraction of the North Pennines (from Table 
5).  
Other 
Score Continuous Percent scored in knowledge quiz.  
Info Nominal Dummy variable. 1 = additional management 
information provided.   
 
 
Consider a case where the dependent variable (y) has three possible categories, A, B 
and C. The utility of outcome A can be seen as  
),,,,( AAA aisAfU       
Where f simply means „a function of‟, A is the outcome, s is a vector of socio-
economic variables, i is income, a is a vector of attitudinal variables, and ε is a 
random component (the error term). The utility of outcome B can be seen as 
),,,,( BBB aisAfU      
 
In general terms, the relative utility for the i
th
 respondent for the k
th
 outcome may be 
written 
 
kiikkiU        (Eq. 4.1) 
 
Where B is a vector of parameters (one for each choice) and X is a vector of s, i and a.  
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If Yi  is a random variable indicating the choice made, and we assume the error terms 
are independent and identically distributed, the probability of k
th 
 item being chosen 
is: 
j
i
ij
ik
e
e
kY )(Prob
     (Eq. 4.2) 
This is the multinomial logistic model, which is estimated by maximum likelihood 
method. For convenience, it is usually assumed that the parameter for the baseline 
choice, β0, is zero.  
 
Those with higher quiz scores and educational levels are more likely to choose 
increased blanket bog or tree cover than the status quo, and older individuals are less 
likely to choose blanket bog, and more likely to choose increase in grass than the 
status quo. Attitudes also play a role in determining chosen outcome (Table 4.9). The 
original model was specified as using all the variables in Table 4.8, and backwards 
stepwise removal of terms based on contribution to model indicated by AIC, until the 
final model was reached. The pseudo R squared is low (0.16) suggesting there are 
determinants of outcome choice which have not been captured in the present study. 
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Table 4.9 Multinomial logistic model of choice of combine landscape and 
biodiversity outcome. Outcome A is the base outcome. A negative coefficient 
indicates that in increase in that explanatory variable (or a change from 0 to 1 
if it is a dummy variable) leads to the outcome being less likely than the base 
outcome, so terms are relative not absolute. Dy/dx indicates the marginal 
effect. 259 observations, pseudo R squared 0.16. Log Likelihood = -409.52, 
2 = 128.8***.  
Outcome Variable Coeff dy/dx 
A (status quo) landscape first   0.238 (0.047) 
wildlife first  -0.031 (0.059)  
negativistic  -0.063 (6.588) 
env  -0.103 (7.435) 
info   0.052 (10.495) 
score  -0.001 (0.066) 
edu  -0.052 (3.048) 
age   0.005 (0.003) 
B (heather 
moorland) 
landscape first -1.921 (0.708)*** -0.030 (1.855) 
wildlife first  0.026 (0.677)  -0.004 (0.021) 
negativistic -0.263 (0.362) -0.019 (1.158) 
env  1.483 (0.622)**  0.041 (0.022) 
info -0.206 (0.600) -0.0005 (0.016) 
score -0.008 (0.007) -0.017 (0.643) 
edu -0.256 (0.198) -0.017 (0.643) 
age  0.016 (0.032)  0.001 (0.001) 
constant  0.477 (2.537)  
C (rough 
grassland) 
landscape first -2.109 (0.729)*** -0.000 (21.903) 
wildlife first -33.892 (0.568) -0.029 (0.013) 
negativistic -0.739 (0.386)* -0.000 (20.021) 
env -0.475 (0.630) -0.000 (18.711) 
info 2.334 (0.837)*** 0.000 (43.729) 
score -0.002 (0.008)  0.000 (0.144) 
edu -0167 (0.242)  0.000 (7.461) 
age -0.044 (0.031)  0.000 (0.552) 
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Constant   8.344 (2.609)***  
D (blanket bog) landscape first 1.615 (0.464)*** 0.178 (0.271) 
wildlife first  0.640 (0.351) 0.267 (0.068) 
negativistic  0.444 (0.172)*** 0.097 (7.565) 
env  0.690 (0.317)** 0.139 (5.528) 
info -0.466 (0.299) -0.128 (23.483) 
score  0.007 (0.004)* 0.001 (0.052) 
edu  0.287 (0.123)** 0.043 (2.687) 
age -0.033 (0.016)** -0.007 (0.412) 
Constant   1.030 (1.317)  
E (woodland) landscape first -1.407 (0.496)*** -0.031 (5.730) 
wildlife first -1.183 (0.522)** -0.203 (0.043) 
negativistic  0.171 (0.202) -0.015 (4.728) 
env  0.042 (0.362) 0.077 (5.961) 
info  0.150 (0.344) 0.077 (8.090) 
score  0.010 (0.005)** 0.001 (0.001) 
edu  0.318 (0.144) ** 0.027 (1.107) 
age -0.012 (0.018) 0.001 (0.095) 
Constant  -0.833 (1.526)   
 
 
4.6.6 Willingness to pay 
WTP responses were examined for validity (Table 4.10), using their responses to 
follow-up questions after the valuation questions as a determinant. Strategic bids were 
defined as bids where respondents would not really pay the amount stated, for 
example where they answered that they would pay the amount they indicated because 
“I want to show how much I value the environment and/or wildlife in general, even 
though I would not actually pay this amount”, their bids were assumed to be strategic. 
Protest bids were defined as those where the respondent was deemed to influenced by 
contextual elements of the CV such as the payment vehicle. There were very few 
protest bids, only 4/376, and 7/376 strategic bids. The low number of protest bids is 
not unexpected given that information was provided which is known to lower the 
number of protest bids (Kenyon and Edwards-Jones 1998).  
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Table 4.10 Frequencies of respondents with positive, zero, protest and 
strategic bids.  
Bid type Frequency Of which 
protest 
Of which 
strategic 
Of which removed 
as outliers 
Of which 
valid 
+ve bids 238 0 7 2 229 (96%) 
Zero bids 138 4 0 0 134 (97%) 
Total  376 4 7 2 363 (96.5%) 
 
 
Outliers were examined for feasibility of bid. The mean WTP over all outcomes was 
£6.54. Three extreme outliers were identified, with bids of £1000, £300 and £250. The 
£1000 bid was removed to be conservative as this is a particularly extreme value, 
although the respondent does have a second home in the study area clearly having a 
strong interest in the area, and earns above an average income. Another bid of £300 
was left in the sample, as this individual had a high income (£50,000-69,999), was 
willing to pay to prevent some other outcomes, and had expressed strong feelings and 
views in the comments section. For another individual who bid up to £250 for each 
outcome, who did have a high income but expressed no particularly strong 
preferences and had answered the questionnaire briefly (missed out a few questions, 
no comments at the end) it was decided that this may not have been a well thought-out 
response and so it was removed. Including these two outliers, a total of 13 
respondents were removed from the dataset for analysis of willingness to pay, i.e. less 
than 4%.  
 
Tables 4.11 and 4.12 show that, as expected, respondents were on average willing to 
pay more for the chosen outcome than for others. Outcomes D and E had a higher 
WTP, and this is especially the case for respondents who chose D or E as preferred 
outcome. For most outcomes the WTP is similar for both I and NI subsamples. 
Outcome B is the exception, with the I subsample bidding £5.66 more (or 50%more) 
than the NI sample.  
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Table 4.11 Willingness to Pay (WTP) (£‟s per household, per year over five 
years, voluntary donation) for the different outcomes, for each choice of 
combined outcome, and for additional land use information (I) or no additional 
information (Ni) sub-samples (N = 363). 
WTP (£‟s per household, 
per year over five years) 
for outcome: 
If chose 
A B C D E 
A  I 6.82 2.00 1.88 5.18 5.67 
 Ni 8.23 8.89 6.50 5.82 5.21 
B I 0.45 15.00 4.25 2.77 2.67 
 Ni 2.35 9.44 0.00 4.22 2.17 
C I 1.36 1.00 6.37 2.23 2.00 
 Ni 0.20 2.33 6.50 2.22 1.78 
D I 0.45 0.00 3.76 18.83 6.33 
 Ni 1.61 3.33 6.50 18.18 10.74 
E I 0.23 0.00 1.00 6.77 17.67 
 Ni 1.29 5.00 0.00 11.21 16.43 
Frequency 
(number of 
respondents) 
I 44 10 16 78 30 
Ni 51 9 2 77 46 
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Table 4.12 Willingness to Pay (WTP) for the different outcomes, for each 
choice of combined outcome, and for I or Ni sub-samples, for positive WTP 
only (N = 229).  
WTP (£‟s per household, 
per year over five years) 
for outcome: 
If chose 
A B C D E 
A  I 11.53 2.22 5.00 7.92 8.10 
 Ni 16.80 16.00 6.50 8.62 7.74 
B I 0.77 16.67 11.33 4.24 3.64 
 Ni 4.80 17.00 0.00 6.25 3.23 
C I 2.31 1.11 17.00 3.41 2.73 
 Ni 0.40 4.20 6.50 3.29 2.65 
D I 0.77 0.00 9.00 28.80 8.64 
 Ni 3.28 6.00 6.50 26.92 15.94 
E I 0.38 0.00 2.67 10.35 24.09 
 Ni 2.64 9.00 0.00 16.60 24.39 
Frequency 
(number of 
respondents) 
I 26 9 6 51 22 
Ni 25 5 2 52 31 
 
 
 
Willingness to pay to prevent an outcome can be subtracted from willingness to pay to 
achieve that outcome to provide a net WTP for each outcome (Table 4.13). Outcome 
D provides the highest net WTP when aggregated over the approximate number of 
visitors to the North Pennines (27,000, as estimated by the Alston Tourist Information 
Centre (pers comm. 2005). Outcome C not only provides the lowest net benefit, but 
indeed provides a cost (or a negative benefit) overall. As outcome A represents the 
status quo, then any outcome with a net WTP less than that for A represents a cost. 
Only outcomes D and E represent a net benefit compared with the status quo.  
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Table 4.13 Aggregate net willingness to pay values. Mean WTP is multiplied 
by 27000 annual visitors, and aggregate WTP to prevent is subtracted from 
aggregate WTP to achieve to get net WTP to achieve.  
Outcome A B C D E 
Mean annual WTP 
to achieve (£) 
5.80 3.23 1.94 10.52 7.75 
Aggregate Sample to 
achieve (£) 
2,105.00 1,174.00 703.00 3,818.00 2,814.00 
Aggregate Visitors 
to achieve (£) 
156,570.20 87,322.31 52,289.26 283,983.50 209,305.80 
Mean annual WTP 
to prevent (£) 
0.62 2.77 4.22 0.33 1.02 
Aggregate Sample to 
prevent(£) 
225.00 1,006.00 1,532.00 120.00 370.00 
Aggregate Visitors 
to prevent (£) 
16,740.00 74,790.00 113,940.00 8,910.00 27,540.00 
Net aggregate WTP 
to achieve (£) 
139,830.20 12,532.31 -61,650.74 275,073.50 181,765.80 
Net aggregate 
benefit (£) compared 
with status quo 
0 -127,297.89 -201,480.94 135,243.30 41,935.60 
 
 
4.6.7 Econometric analysis: 
The decision whether to pay something or not may be separate from the decision as to 
how much to pay. Exploratory probit analysis suggested that there is a selection 
process (WTP or not), i.e. a probit model with a dummy variable as the response (1 if 
bid a +ve, or non-zero, amount, 0 otherwise) and explanatory variables from Table 4.8 
showed significant results. Attitudinal variables and outcome preferences were shown 
to be important in determining the outcome. Therefore, an OLS regression modelling 
the WTP bids without addressing this decision (to pay or not) may be inadequate.  
 
The respondent‟s decision process was modelled as a joint process involving the 
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valuation of the good at hand (log WTP), and the choice of whether to pay at all or 
not (PP).  
 
If  WTP is the amount paid, and PP is a dichotomous choice whether to pay at all, Xi 
and Zi are sets of vectors of s (socio-economic characteristics of respondents), i 
(respondent income), and a (attitudinal characteristics of respondents), ε and δ are 
random components (error terms), then  
 
WTPi = β1 ( Xi ) + εi       (Eq. 4.3) 
 
WTP is observed only when 
 
PPi = 1 if  β2 Zi +δi > 0      (Eq. 4.4) 
 
The joint distribution of (δi, εi ) is assumed to be bivariate normal with zero means, 
variances equal to 1 and correlation ρ. When ρ = 0 the two decisions are independent 
and the parameters of the two equations can be estimated separately. Heckmans two-
stage selection model (Heckman 1979) entails the estimation of the participation (PP) 
equation by probit. The second step consists of a least squares regression (for 
participants).  
 
In the present example, there may be some unobservable characteristic of respondents 
which makes them more likely to be willing to pay in principle, which is highly 
correlated with an unobservable characteristic of respondents which makes them 
willing to pay more for certain outcomes. If this is the case, then the correlation 
between the error terms for the selection and for the response functions (ρ) is not zero 
(ρ ≠ 0). Linear regression assumes that ρ = 0. Further details of the Heckman model as 
applied to observational data, and discussion of the assumptions necessary can be 
found in Briggs (2004).  
 
The initial models contained, in the selection part, attitudes b (negativistic), c 
(humanistic), k (enjoy visitor attractions in North Pennines) and l (North Pennines 
could generate more money through tourism), member of an environmental 
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organisation, income and whether or not that scenario being valued was the first 
choice for landscape, and for wildlife outcomes. Information provision was also 
included as this is the experimental element of the survey, and may determine whether 
a person is prepared to pay or not (for example respondents may be less likely to be 
willing to pay in principle if it is perceived that the dominant land use is commercial). 
The response part contained income, education, male, miles from home, member of 
environmental organisation, information treatment, and whether or not that scenario 
being valued was the first choice for landscape, and for wildlife outcomes. Variables 
were removed by backwards selection if they did contribute significantly to any of the 
five Heckman models A to E (one for each scenario valued) (Table 4.14). The sixth 
model in Table 4.14 (preferred) models WTP for the chosen (preferred) outcome of 
each respondent.  
 
The most important explanatory variables for the decision to pay or not are being 
member of an environmental organisation, and the choice of biodiversity outcome. 
Being a member of an environmental organisation not only influences attitudes and 
general environmental and wildlife knowledge, but influences the decision as to 
whether to pay or not in principle with members of environmental organisations being 
more likely to decide to pay something. The I subsample (those with additional 
management information) are more likely to pay something for outcome B.  
 
The most important variables for the amount respondents are willing to pay are 
income and the choice of landscape outcome. Landscape affects value of positive 
WTP, biodiversity affects the likelihood of being willing to pay (Table 4.14). This 
strengthens the argument that it is not obvious whether landscape or biodiversity is 
the main driving force behind visitor preferences. Income is a positive and significant 
explanatory variable (as expected from economic theory) for all outcomes except for 
C. Outcome C has a higher number of zero bids than any other outcome and so this 
might be an artefact of sample size. If scenario D or E was preferred biodiversity 
outcome, respondents were willing to pay more. Both of these outcomes involved 
some increase in rare and threatened birds and mammals, demonstrating the cute and 
cuddly effect.  
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Table 4.14 Heckman selection models of logWTP for each combined 
outcome. The variable „same‟ replaced „choice landscape‟ and „choice 
biodiversity‟ from the model „preferred‟ to indicate whether respondents who 
did not have to compromise on preferences were willing to pay more.  
Explanatory variable Coefficient (Standard Error) for dependent variable outcome; 
A B C D E Preferred  
Willingness to pay decision (WTP) (response function) 
Log income 0.48 (0.16) 
** 
0.33 (0.13) 
* 
-0.08 
(0.12)  
0.26 (0.14) 
* 
0.30 (0.15) 
** 
0.32 (0.08) 
*** 
Choice Landscape  1.97 (0.25) 
*** 
1.27 (0.21) 
*** 
1.60 (0.42) 
*** 
1.25 (0.19) 
*** 
1.37 (0.19) 
*** 
 
Choice Biodiversity 1.71 (1.29) -0.53 
(0.83) 
0.49 (0.18) 
** 
1.17 (0.17) 
*** 
0.53 (0.29) 
* 
 
Same      0.25 (0.11) 
* 
Educ ^ 2 -0.08 
(0.07) 
-0.01 (-
0.01) 
0.02 (0.01) 
*** 
0.02 (0.01) 
„ 
-0.01 
(0.01) 
0.01 (0.01) 
Male 0.06 (0.15) 0.04 (0.09) 0.11 (0.10) -0.20 
(0.16) 
0.36 (0.18) 
* 
0.19 (0.10) „ 
Constant 2.97 (1.76) 
„ 
3.89 (1.54) 
* 
1.23 (1.44) 0.63 (0.49) -0.34 
(1.73) 
.1.12 (0.35) 
*** 
Whether or not willing to pay in principle (PP) (selection schedule) 
Choice Landscape 0.34 (0.17) 
* 
0.34 (0.19) -0.27 
(0.31) 
0.12 (0.14) 0.31 (0.17) 
„  
 
Choice Biodiversity 0.54 (0.23) 
*** 
-0.64 
(0.57) 
0.66 (0.23) 
** 
-0.24 
(0.15) 
1.68 (0.48) 
*** 
 
Same       -0.11 (0.14) 
Env 0.60 (0.14) 
*** 
0.60 (0.14) 
*** 
0.56 (0.15) 
*** 
0.57 (0.14) 
*** 
0.63 (0.14) 
*** 
0.54 (0.16) 
*** 
Info 0.02 (0.04) 0.04 (0.14) 0.01 (0.01) 0.09 (0.12) 0.11 (0.10) 0.03 (0.11)  
Constant -0.17 
(0.23) 
-0.20 
(0.13) 
0.14 (0.25) 0.07 (0.26) 0.01 (0.24) 0.09 (0.15) 
Model statistics 
Lambda -1.67 
(2.11) 
-0.57 
(0.25) 
-0.15 
(0.29) 
-0.34 
(0.32) 
-0.94 
(0.25) 
0.18 (0.27) 
Wald χ2 22.51* 37.65 *** 25.21 *** 144.19 *** 61.19 *** 29.66 *** 
Log Likelihood -546.47 -528.65 -500.75 -526.09 -526.26 -422.71 
N 335 335 335 335 335 335 
N (censored) 132 132 132 132 132 132 
 
 
4.6.8 Willingness to pay to prevent an outcome 
All those who answered zero willingness to pay for any outcome were then asked if, 
for those that they answered zero, they would be willing to donate anything to prevent 
that outcome, and if so how much. 92 respondents were willing to pay to prevent at 
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least one outcome which they did not like. The mean WTP to prevent across all 
respondents was £1.79, but was £7.07 for those respondents who were WTP 
something to prevent an outcome. Due to the smaller sample size of individuals who 
are WTP something to prevent an unfavoured outcome, the info and no info samples 
were combined for Tables 4.15 and 4.16. As expected, no-one was WTP anything to 
prevent an outcome which they had preferred (Tables 4.15 and 4.16). Respondents 
who chose outcome C were never willing to pay to prevent any outcome.  
 
 
Table 4.15 Mean WTP to prevent each outcome. 
WTP (£‟s per household, 
per year over five years) to 
prevent 
If chose 
A B C D E 
A  0 0 0 1.16 0.58 
B 1.64 0 0 3.86 3.29 
C 2.27 1.05 0 6.50 3.82 
D 8.42 0 0 0 0.53 
E 8.42 0 0 1.87 0 
Frequency (number of 
respondents) 
95 19 18 155 76 
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Table 4.16 Mean WTP to prevent each outcome for those who would pay to prevent 
something.  
WTP (£‟s per household, 
per year over five years) to 
prevent 
If chose 
A B C D E 
A  0 0 0 3.60 2.10 
B 8.21 0 0 11.96 11.90 
C 11.37 10 0 20.16 1.76 
D 4.21 0 0 0 1.90 
E 4.21 0 0 5.80 0 
Frequency (number of 
respondents) 
19 2 0 50 21 
 
 
Heckman selectivity models were used to investigate what influences the willingness 
to pay to prevent an outcome (Table 4.17). Members of environmental organisations 
are more likely to pay something, and those with the additional management info 
(sub-sample I) are more likely to pay to prevent outcome B (the increase in heather 
moorland and associated biodiversity change). This subsample was also more likely to 
pay to achieve outcome B, suggesting that some element of the additional information 
(the additional information linked management for red grouse shooting with outcome 
B) leads respondents to strengthen the views they may have already held about 
outcome B (info is not significant in explaining the likelihood of choosing outcome B 
over the status quo, Table 4.9),   
 
As expected, higher income leads to higher WTP (except for outcome B), and those 
who did NOT prefer this outcome for landscape or biodiversity paid more to prevent 
the outcome. Choice of landscape and biodiversity could not be included in selection 
part of the WTP to prevent models because no respondent chose to pay to prevent an 
outcome which they had preferred.  
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Table 4.17 Heckman selectivity models of WTP to prevent each combined 
outcome
ab
.   
Explanatory variable Coefficient (Standard Error) for dependent variable outcome; 
A B C E 
Willingness to pay decision (WTP) (response function) 
Log income 0.78 (0.11) *** 0.30 (0.21) 0.61 (0.12) *** 0.40 (0.21) * 
Choice Landscape -0.2 (0.15) -1.1 (0.8) -0.50 (0.27) * -0.70 (0.33) * 
Choice Biodiversity -0.51 (0.21) * 0.42 (0.31) -0.42 (0.17) ** -0.21 (0.15) 
Educ ^ 2 -0.02 (0.02) 0.04 (0.02) * 0.01 (0.01) 0.02 (0.02) 
Constant 8.65 (1.27) *** -2.95 (2.64) 12.32 (2.12) 
*** 
4.36 (2.88)  
Whether or not willing to pay in principle (PP) (selection schedule)  
Negativistic  -0.10 (0.08) 0.11 (0.10) -0.15 (0.09) „ -0.19 (0.12) 
Env 0.62 (0.41) 0.67 (0.16) *** 0.55 (0.18) ** 0.58 (0.40) 
Info 0.05 (0.08) 0.37 (0.15) * 0.15 (0.19) 0.07 (0.05) 
Constant 0.11 (0.09) -1.60 (0.28) *** -1.21 (0.56) * -0.12 (0.13) 
Model statistics 
Lambda -1.67 (2.11) -0.57 (0.25) -0.15 (0.29) -0.94 (0.25) 
Wald χ2 12.51 37.65 *** 25.21 *** 11.19  
Log Likelihood -546.47 -528.65 -500.75 -526.26 
N 335 335 335 335 
N (censored) 92 92 92 92 
a 
Note the chi square test of independence of the equations shows that selection is not 
occurring for models E or A. This may be an artefact of low number of poitive WTP 
to prevent these outcomes. 
b
 Outcome D is not included in this table because not enough respondents were 
willing to pay to prevent D to make a meaningful model.  
 
 
4.7 Discussion 
4.7.1 Who visits the North Pennines AONB? 
The visitors sampled are fairly representative of visitors to the North Pennines AONB 
as measured by Cumbria Tourist Board (2006), except that the sample is less wealthy 
than visitors to the AONB in general. It should be noted that the Cumbria Tourist 
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Board (2006) survey may not accurately capture the visitor profiles of the North 
Pennines, because some visitors simply walk or cycle or otherwise enjoy the 
countryside, and may not go into Alston itself, where the Alston survey was 
conducted.  
 
Over half of respondents are members of environmental organisations, which is likely 
to be considerably more than the UK population as a whole. Schofield (2005) found 
that 31% of rural respondents and 12% of urban respondents randomly approached in 
Northern Scotland were members of an environmental organisation. This suggests a 
particular interest in the kind of issues the questionnaire tries to deal with, and as 
Table 4.3 shows, members of environmental organisations have a significantly higher 
score in the knowledge quiz by over 10%, have differing attitudes, and a higher 
propensity to pay something for outcomes (Tables 4.14 and 4.17) than non-members. 
Visitors to the North Pennines seem to be knowledgeable about environmental issues, 
particularly those who are members of environmental organisations, and their 
knowledge includes issues which are specific to the study area. A pilot study of the 
quiz amongst twenty four postgraduate students and staff (mostly British) on a 
biology campus gave an average score of 62%, closer to, but still below, the score of 
non-members of environmental organisations amongst respondents. When the North 
Pennines specific questions are removed, the scores become more similar, with 
students scoring 68% on average, and respondents 75%. This raises the issue of how 
novel the information provided was to respondents; maybe the information provided, 
including the additional land use information, was already known to respondents, in 
which case the information treatment would not be expected to produce any 
differences in results. It has been shown that information provision has no influence 
on WTP when the issue was being actively debated in the press (Pope and Jones 
1990).  
 
The attitudinal variables showed low variability amongst respondents, suggesting that 
areas like the North Pennines attract individuals with certain intrinsic attitudes, or that 
the typology used here was not effective in eliciting the differences in attitudes 
amongst respondents in this case. Although the attitudinal questions in this 
questionnaire were limited, we can broadly compare the results with Kellert‟s studies 
of attitudes amongst American citizens (Kellert 1980, 1985). Kellert found that the 
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American public were most frequently humanistic, negativistic, moralistic and 
utilitarian, as opposed to the present sample which was most frequently naturalistic, 
aesthetic and ecologistic. No study could be found in the published literature using 
these typologies within the UK, but a thesis by Schofield (2005) found that amongst 
residents of Northern Scotland, the popular attitude types were utilitarian, aesthetic, 
ecologistic and naturalistic. The present sample is less influenced by human-centric 
motives than the American public, and compare well with residents of Northern 
Scotland, the best indicator available for general UK residents (which is the 
nationality of 97% of the sample).   
 
There are differences in preferences of members of organisations and non-members, 
but perhaps more importantly, members of environmental organisations exhibit 
differing attitudes and levels of knowledge about wildlife and environmental issues. 
This suggests that being a member of an environmental organisation may act as a 
powerful predictor of preferences for landscape or biodiversity in situations with 
limited resources for extensive surveys, or in benefits transfer studies.  
 
4.7.2 Landscape or wildlife? 
Figures 4.3 and 4.4, and Table 4.6 show that in general, visitors have preferences for 
all landscapes except an increase in grassland cover (C), but for the biodiversity 
choice, by far the most frequent choice was an increase in rare and threatened birds 
and mammals (outcome D), or the status quo. Many studies have indicated that „cute 
and cuddly‟ wildlife is preferred by respondents and obtains higher WTP than other 
wildlife (Loomis and White 1996, White et al. 2001) so it is no surprise that the most 
favoured outcome includes an increase in rare and threatened birds and mammals. 
This is consistent with economic theory if we assume that respondents have innate 
preferences for species more similar to humans, and which can therefore elicit 
stronger emotional responses.  
 
It is not obvious whether landscape or biodiversity is more important in determining 
choices for the combined outcome and willingness to pay bids, with similar 
proportions of respondents who did not choose the same outcome for landscape and 
biodiversity going on to choose that which they had chosen as the landscape outcome 
for the combined outcome as choosing that which they had chosen as the biodiversity 
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outcome for the combined outcome (Fig. 4.3). However they clearly do have different 
influences on final choice and WTP, with high ranking of landscape in general (Table 
4.3) being more important than high ranking of wildlife in determining outcome 
choices (Table 4.9). Landscape choice is more important in determining willingness 
to pay than biodiversity choice, but biodiversity choice is more important in 
determining whether or not an individual is WTP something or not (Tables 4.14 and 
4.17). Further work would be required to understand the precise influence of each of 
these elements (landscape and biodiversity) on choices and willingness to pay.  
 
4.7.3 Willingness to pay 
Aggregate willingness to pay is highest for the increase in blanket bog and rare and 
threatened birds and mammals. The mean willingness to pay of visitors to achieve 
outcomes (£6.54) is low compared with published results (Table 4.18). Note therefore 
that the donation payment vehicle with open ended elicitation format does not seem to 
have led to bids which are biased upwards.  
 
Table 4.18 Previous WTP estimates for similar goods in UK. The 
geographical scale is similar except for Christie et al. (2006, the bottom two 
examples) which are for the UK as a whole. 
Good WTP Reference 
Blanket bog landscape and 
biodiversity in the North 
Pennines 
£10.52 annually to a trust 
fund for 5 years 
Present study 
South Downs landscape 
and Biodiversity 
£19.47 annual tax Willis et al. (1995) 
Somerset levels landscape 
and biodiversity 
£11.84 annual tax Willis et al. (1995) 
Upland grass/shrub 
habitats 
£11.73 one-off payment Edwards-Jones et al. 
(1995) 
Rare unfamiliar species in 
UK 
£189 annual tax increase 
over 5 years 
Christie et al. (2006) 
Habitat quality in UK £74 annual tax increase 
over 5 years 
Christie et al. (2006) 
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It bodes well that the present results are less than previously published figures. There 
is considerable debate about the validity of valuation estimates by methods such as 
contingent valuation, with one criticism being that respondents can always state more 
than they actually would pay (e.g. Hanley et al. 2001). Cheap talk scripts such as that 
used in this questionnaire have been shown to lower hypothetical bias (Lusk 2003), 
although without undertaking a parallel non-hypothetical treatment, it cannot be 
known whether cheap talk has completely eliminated hypothetical bias. The 
embedding effect, which in this context would involve respondents failing to 
incorporate the fact that the North Pennines is only one part of the British countryside 
which they might wish to pay towards maintaining, has been shown in many CV 
studies (e.g. Desvousges et al. 1993, Bateman et al. 1997). Embedding can be avoided 
by suitable study design (Hammitt and Graham 1999) and the present study provides 
lower WTP valuations for the North Pennines than other studies of UK landscapes 
and biodiversity such as Christie et al. (2006) which valued biodiversity and habitat 
enhancement in England. This suggests that the continual reference to „the North 
Pennines‟ in the questionnaire has at least reduced if not eliminated embedding.  
 
Following on from the discussion in section 4.9.2, not only is landscape choice more 
important than biodiversity choice in determining willingness to pay, but where both 
landscape and biodiversity are significant explanatory variables (outcomes C, D and E 
in Table 4.14), the coefficient is higher for landscape. The same effect is seen in Table 
4.17: WTP to prevent an outcome is higher if that outcome was NOT the chosen 
landscape scenario than if it was not the chosen biodiversity scenario. This indicates 
that landscape provides more value to consumers than biodiversity. Both of these are 
public goods in that they are non-rival and non-excludable, but landscape is more 
accessible than biodiversity. Landscapes can be observed and enjoyed aesthetically 
more easily than biodiversity can be. Thus perhaps landscapes provide an additional 
use value over and above the combined use and non-use values intrinsic in both 
landscape and biodiversity.  
 
The landscape and biodiversity represented by an increase in blanket bog commands 
the highest willingness to pay, with a mean of £10.53, corresponding to an aggregate 
£283,983.50 per year for maintenance. Given the cute and cuddly effect observed 
elsewhere, this is no surprise. Perhaps more surprising is the fact that the blanket bog 
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is an important element of this combined outcome, with this landscape outcome being 
preferred by approximately one quarter of respondents (Figure 4.3). The mean WTP 
of those that chose outcome D as landscape is £14.53, whereas the mean of those that 
chose it as biodiversity is £10.69. Of those that chose this as combined outcome, but 
did not choose this for both landscape and biodiversity outcomes individually, 30 
chose it as the landscape outcome and 101 as the biodiversity outcome. So even 
though this outcome is more often favoured due to the biodiversity it supports, the 
landscape element elicits higher WTP perhaps incorporating use values that 
biodiversity does not have.  
 
4.7.4 When a benefit is not a benefit 
This study has shown that benefits of goods under valuation can be negative (as 
suggested by MacMillan et al. 2004) and it is important to include costs (negative 
valuations) in such studies. The net WTP for an increase in grassland with associated 
increase in rare and threatened insects and spiders, is negative (Table 4.13), and if 
willingness to pay to prevent unfavoured outcomes was not considered, this fact 
would be lost and it could be assumed that the benefit of this outcome is still positive, 
even if smaller than other outcomes. Published studies are only recently starting to 
include measures of costs to the public in valuations, with Leinhoop and Macmillan 
(2007) showing that those who were against the scheme under valuation actually 
required more in compensation for the scheme to go ahead than those who were for 
the scheme were prepared to pay to achieve the desired outcome. The present study 
shows that not only can negative valuations of a proposed scheme be elicited, but 
negative valuations for each of a number of options can successfully be elicited and 
should always be considered because they can change the results drastically.  
 
Aggregate net willingness to pay (willingness to pay to prevent an outcome is 
subtracted from willingness to pay to achieve that outcome) is shown to be highest for 
outcome D, and indeed only outcome D and E (an increase in woodland elements of 
the landscape, and associated biodiversity changes) constitute a benefit rather than a 
cost, if compared with the status quo (Table 4.13). This may reflect the fact that 
blanket bog and woodlands are perhaps the most similar habitat present today to the 
historical habitat of upland areas in Britain such as the North Pennines (Bradshaw 
1976, Simmons 1990). The present survey does not make it possible to understand 
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why these preferences predominate, but I suggest that as the respondents are 
knowledgeable about wildlife and environmental issues, they may have an 
understanding of the historical landscape. Those with higher scores in the knowledge 
quiz are more likely to choose D and E, and members of environmental organisations 
are more likely to choose D, and members have been shown to have higher 
knowledge scores than non-members.  
 
It is, however, unlikely that respondents have this detail of knowledge about specific 
habitat types, but may have a general notion of association of blanket bog with 
uplands, and an idea that heather moorland (also associated with the uplands) is 
maintained by management for red grouse shooting (knowledge of which the authors 
MSc studies suggested is important in determining landscape preferences). Although 
the particular kind of grasslands found in the North Pennines are upland types, 
respondents may not separate this from other grassland habitats found elsewhere in 
the UK, and which are perhaps more prolific UK wide than the other habitat elements 
valued. They might thus be less concerned about it‟s maintenance in this particular 
area and indeed this outcome has the lowest benefit (or highest cost) of all outcomes.  
 
4.7.5 Information provision 
The provision of specific management information over and above the general 
information provision has some influence on respondents‟ answers, although the 
direction of this effect is not always clear. It has a significant influence on the choice 
of outcome, with the respondents provided with the land use information being more 
likely to choose the increased grassland cover and accompanying changes in rare and 
threatened biodiversity. This outcome is a result of management which does not 
involve red grouse shooting, suggesting that there may be an avoidance of red grouse 
shooting in choosing outcomes, because although blanket bog is maintained in grouse 
moors, the information stated that it would also be encouraged in an upland nature 
reserve. This reinforces results of the authors previous (unpublished) survey in the 
North Pennines which found that when asked directly, respondents were against the 
presence of gun sports in the North Pennines countryside.  
 
Information provision did not influence the willingness to pay for any outcome, or for 
the preferred outcome, but did influence willingness to pay to prevent an outcome. 
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Respondents were more likely to be WTP to prevent outcomes A, B, C and (almost 
significantly) E if they had been provided with the additional land use information. 
Making the link between land use and landscape and biodiversity outcomes explicit in 
this way seems to increase respondents resolve, in that they are more likely to pay to 
avoid outcomes they do not prefer. There seems to be no particular link with one type 
of land use, although red grouse shooting and grazing are linked to the outcomes with 
a significantly higher WTP to prevent, suggesting that it may be active management 
which respondents are prepared to pay to avoid. 
 
4.7.6 Critical overview 
One concern during questionnaire design was the complexity of the problem and 
whether respondents would be able to process the questions and information provided, 
and make a valid choice. However, pilot studies and final results indicate that the 
respondents managed very well on the whole. Comments suggested that respondents 
found the questionnaires very interesting and thought-provoking, and many stated that 
they were glad they had been given the opportunity to think about these issues and 
make a decision. The present study has shown that complex goods can be valued 
successfully using contingent valuation, provided the questions are well piloted to 
find the threshold of complexity that the target population can deal with. If the target 
population are likely to have some interest in the topic of valuation they are likely to 
be more inclined to contribute the time and effort required to understand the questions 
and answer them truthfully.  
 
A major part of the decision making involved whether to use a choice experiment 
(CE) or contingent valuation (CV). Contingent valuation was chosen in this case 
because they allow a presentation of the actual scenarios that are likely to occur and 
ask respondents to make their own trade-offs based on these. The main objective of 
the present study, to attain welfare estimates for the sets of attributes that are actually 
likely under alternative policies has been successfully achieved in the current CV. The 
value of each attribute is an interesting result which choice experiments can provide, 
but would have been very complex in this situation and this was not the main 
objective of this study. However a choice experiment approach may have provided 
more insight into the relative importance of landscape and of biodiversity elements of 
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outcomes to both respondent choice and willingness to pay, and if the complexity 
hurdle could be overcome, would make an interesting future study.  
 
4.7.7 Policy implications 
This study has shown that any change in policy and targeting of agri-environment 
funding should consider the likely impact on the extent of blanket bog and on rare and 
threatened birds and mammals. It has shown that any change from the present 
situation which would lead to a decrease in the extent of tree cover, blanket bog or 
rare and threatened birds and mammals (and possibly of rare and threatened plants) 
would constitute an overall loss in utility, or value, to people who enjoy the North 
Pennines AONB, and should not be considered as feasible goals. High grazing levels 
(especially at certain times of year), atmospheric inputs and inappropriate drainage 
can lead to deterioration of blanket bog (Chambers et al. 2007, Thompson et al. 
1995), so compensation for reduced grazing and specified drainage management 
might be options, as well as targeting of BAP species, especially bird and mammal 
BAP species. Options for higher level Environmental Stewardship Schemes under the 
new agricultural payments following reforms of subsidies vary according to area. The 
options available in the North Pennines include “Management of trees……… and the 
restoration/protection of Juniper sites”. Juniper is a plant BAP species, an increase in 
which is represented under the increased woodland cover scenario which represents a 
net benefit compared with the status quo. There is also “conservation and 
enhancement of montane heath, blanket bog, upland mires, upland heath and open 
moorland habitats for breeding birds”, but present results indicate that heather 
moorland and blanket bog should be separated in such policies and that increases in 
one of these elements only (blanket bog, under which blanket mire was included in 
the present study) represents a net benefit. One specific target relates to a mammal 
BAP species; “Management to benefit Red Squirrels…”. This would lead to a clear 
benefit in terms of increased rare and threatened birds and mammals, but should be 
extended to other vertebrate BAP species for maximum benefit, although due to the 
cute and cuddly effect mentioned earlier, it is likely that were individual species 
preferences sought, Red Squirrels would have ranked highly.  
 
Outcome C, the least preferred or valued, might result if management for red grouse 
shooting were to cease or decline in extent. In England, grouse moors have been 
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replaced by grazing, causing conversion of heather moorland into rough grassland 
(RSPB 1984). Therefore, although an increase in heather moorland (expected to result 
if management for red grouse shooting increased) did not constitute a benefit, a loss 
of red grouse shooting certainly constitutes a societal cost.  
 
Although management information did not have a clear influence on results, it did 
have some effect on the choice of outcome and on WTP to prevent unfavoured 
outcomes. Further work is required to determine exactly how important management 
is in achieving the welfare estimates above. Perhaps a move towards thinking of 
landowners more as general guardians of the countryside rather than farmers or 
gamekeepers might increase their standing with the public and lead to a better 
relationship between those owning or managing the countryside and everyone else 
who might enjoy it. However care must be taken not to alienate those land managers 
who might be motivated by farming or red grouse shooting as a livelihood (see 
Chapter 5). 
 
 
4.8 Conclusions 
The findings reported here suggest that any future directions for landscape and 
biodiversity in the North Pennines that focused on increasing the extent of blanket 
bog and woodlands, and their associated rare and threatened biodiversity, would 
constitute a net benefit to society (if visitor valuations is seen as a proxy for societal 
valuations). An increase in the proportion of blanket bog with corresponding increase 
in rare and threatened birds and mammals was shown to be the most preferred and 
highest valued situation. Both landscape and biodiversity elements of these outcomes 
are important in maintaining welfare, and the cute and cuddly effect is evident. 
Current government incentives already contain options likely to lead to increased 
societal welfare based on these results, but can be further honed to target the 
particular elements of landscape and biodiversity that lead to the largest benefits.   
 
Being a member of an environmental organisation is associated with respondent 
attitudes and knowledge of wildlife and environmental issues, and all of these have an 
influence on the choice of outcome and valuation estimations to some extent. The 
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precise information provided influences preferences and willingness to pay to prevent 
unfavoured outcomes. The exact influence of the additional information is unclear 
although it is suggested that active management may be avoided in preference 
formation.  
 
Competing elements of a complex good can be successfully valued using contingent 
valuation if care is taken in questionnaire design stages. This study demonstrated the 
importance of including the option for negative valuations. These results have 
important implications for policy and for future valuation studies, which should give 
careful consideration to information provision and allow for negative valuations. 
Including these negative preferences has little effect on the most preferred outcome, 
which elicits a net WTP of £10.19 per household annually, but has a large effect on 
less preferred options making these options a cost rather than a benefit (of -£2.30 per 
household annually). 
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Chapter 5 
Estimating the Distributions of BAP Species in the North 
Pennines.  
 
 
This chapter uses a recently published species distribution modelling technique, 
Maxent (Phillips et al. 2006), to predict potential distribution of 16 Biodiversity 
Action Plan (BAP) species for which presence data is available in the North Pennines 
AONB. Vegetation and management variables are used as predictors.  
 
 
5.1 Introduction  
Describing species diversity patterns is a major challenge for conservation 
(Rosenzweig 2005, Beck and Kitching 2007). The North Pennines Area of 
Outstanding Natural Beauty (AONB) supports many species of conservation interest. 
Two dimensions of conservation value of a natural area are overall species richness, 
and the presence of rare and threatened species. How these are distributed within an 
area can help in conservation planning and design of management recommendations, 
as well as in guiding conservation designation of that area as a whole. There is often 
low congruence between species richness, endemic species or threatened species in 
conservation areas (Orme et al. 2005, Bonn et al. 2002), and measures to protect one 
(on local, national or global scales) may not protect the other. Some form of 
compromise may need to be made given limited resources for conservation.  
  
As with most of the UK landscape, government incentives such as Environmental 
Stewardship Schemes (ESS) can encourage land owners and their agents to manage 
the land in a way that is beneficial, or less detrimental, to wildlife than would 
otherwise be the case. Agri-environment schemes such as ESS can be beneficial for 
particular species or groups of species such as waders (Wilson et al. 2007) or 
bumblebees (Carvell et al. 2007). The Biodiversity Action Plan (BAP) targets drew 
heavily on the potential of predecessors to ESS which were in place at the time and 
some BAP species have benefited from agri-environment schemes (Ovenden 1998). 
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Some land uses are intrinsically less detrimental than others, for example management 
of heather moorland for red grouse (Lagopus lagopus) shooting can be beneficial for 
some birds (Tharme et al. 2001), and grazing is shown to promote plant diversity 
(Collins et al. 1998), although it is not always so beneficial for other taxonomic 
groups (e.g. Tscharntke 2002, Faeth 1999, Jones 1981). 
 
Many areas which are of interest for conservation may not necessarily have the 
resources for intensive field surveys to establish distributions of species of 
conservation interest or concern. In the absence of comprehensive field surveys, 
species richness or presence/absence models can be used to take available data and 
predict likely distributions or indices of richness over an area for which climate, 
topography, vegetation or other suitable predictor variables are known. Species 
richness models and species distribution (presence/absence) models have become 
prevalent in the past twenty years or so in a wide range of conservation, biogeography 
and landscape ecology fields such as reserve design (Moilanen et al. 2005), 
predictions of species invasions (Peterson and Shaw 2003) and projecting climate 
change impacts (Thomas et al. 2004).  
 
Such studies have generally used predictor variables at the scale they are available, 
ranging from 10m x 10m squares (Austin 2002) to 50km x 50km squares resolution 
(Huntley et al. 1995). Little attention has been paid to the most appropriate scale 
(extent and resolution), with resolution determined by the data available rather than 
species biology factors such as territory or home range size, although as Austin (2007) 
suggests, conclusions can be drawn from modelling studies at any scale but should be 
limited to those for which the chosen scale are applicable. A further element of scale 
is treatment of predictor variables, for example average monthly weather data or 
average annual data? Average precipitation or maximum precipitation?  
 
In this chapter I use existing presence records for numerous BAP species within the 
North Pennines AONB to infer the distribution of BAP species within the area using 
the maximum entropy method. Results will allow identification of useful predictor 
variables and those with a consistently positive influence on presence of rare and 
threatened species. Models using different groups of predictor variables will be 
compared to establish the relative importance and predictive power of different scales 
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of predictor variable; different spatial scales (where appropriate), and habitat versus 
land-use predictors. The importance of sample size and species biology in allowing 
for reasonable predictions from this kind of modelling exercise will be examined.  
 
In particular, results will allow testing of the hypotheses that agri-environment 
schemes and shooting are beneficial for BAP species (Tharme et al. 2001 showed 
management for red grouse could be beneficial for some birds, but detrimental to 
Skylark, a BAP species), and that congruence between parts of the North Pennines 
which are good for different taxonomic groups of BAP species may be low, similarly 
to the low congruence shown by Orme et al. (2005) but on a much smaller scale.   
 
 
5.2 Distribution modelling techniques 
Species richness is most often modelled using standard statistical techniques such as 
GLM (e.g. Thomson et al. 2007, Kivinen et al. 2007), GAM (Suarez-Seone et al. 
2002) and regression trees (e.g. Pittman et al. 2007). These methods can also be used 
in individual species presence/absence modelling, but would require some known 
presence and absence locations to parameterise the projections.  The absence of a 
presence record does not necessarily indicate absence of the species at that location. 
An absence record could result when the species is present but was simply not 
detected, when it is absent for historical reasons even though the site is suitable, or 
when the site is truly unsuitable (Hirzel et al. 2002). Most species distribution models 
would assume that an „absence‟ record refers to the last of these.   
 
More recently, methods have been developed that do not require absence data, 
although unlike the presence-absence models mentioned above, some of these are not 
based on well-known statistical techniques and have not been rigorously tested and 
evaluated. The lack of requirement of absence data allows them to be used with 
presence-only data, which represents the majority of species occurrence data (Cawsey 
et al. 2002, Elith et al. 2006).  Such methods are mostly based on envelopes of 
environmental space or distance-based measures (e.g. Hirzel et al. 2002, Carpenter et 
al. 1993) or adaptations of presence-absence models using samples of the background 
environment to represent pseudo-absences (e.g. Keating and Cherry 2004). 
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Environmental envelope methods such as Environmental Niche Factor Analysis 
(ENFA) (Hirzel et al. 2002) seem well suited to presence only data because they 
compare the environment where the species is known to occur with the average of the 
total available environmental space, rather than making assumptions about absence 
localities.  
 
Phillips et al. (2006) and Leathwick et al. (2006) have developed machine-learning 
environmental envelope methods that can deal with noisy presence only data. One is a 
maximum entropy method (Maxent) for predicting species distributions from 
presence only data sets (Phillips et al. 2006). Having been published in the ecology 
literature only recently, it has as yet not been widely applied, but has fared well 
against other modelling methods where it has been used (Elith et al. 2006, Hernandez 
et al. 2006). Evaluation of such models is usually achieved by with-holding some data 
from model development, and using this to assess how accurately the model can 
predict the withheld data (e.g. Boyce et al. 2002). Elith et al. (2006) tested a number 
of presence only methods and evaluated them with independent presence-absence 
data. Maxent rated third out of sixteen methods based on area under the receiver 
operating curve (ROC) scores. The ROC curve shows the ratio of true positive 
predictions to false positive predictions, for different thresholds of presence. The 
larger the area under this curve (AUC), the more accurately the model predicts 
presence locations. Elsewhere, Maxent has been shown to work well with small 
number of presence records (as low as five; Pearson et al. 2007), and perform better 
than Genetic Algorithm for Rule-set Production (GARP) models (Hernandez et al. 
2006) even when GARP uses all available presence records, and Maxent uses as little 
as ten presence records (Phillips et al. 2004 and 2006). GARP has been shown to 
perform consistently better than other established presence-only methods, including 
ENFA (Tsaor et al. 2007) and has been used extensively in recent species distribution 
modelling literature using presence only data (e.g. Peterson and Shaw 2003). 
Hernandez et al. (2006) suggest the reason for Maxent‟s comparative success is that it 
has a regularization procedure which counteracts a tendency to over-fit models when 
using few species occurrences (see Phillips et al. 2006). Apart from predictive ability, 
there are further advantages of Maxent such as ability to distinguish between different 
strengths of suitability, and computational efficiency (in terms of time to run and size 
of output files, Phillips et al. 2006). 
  
 124 
Maximum entropy models (also known as autoregressive models and all-poles 
models) find the target distribution with the highest entropy subject to the information 
that we have provided. Entropy in this context is Shannon‟s information entropy 
which is a measure of how much information is missing when a recipient does not 
know the value of a random variable (Shannon 1948). The entropy is maximised 
when the distribution is uniform, and minimised if the outcome can be predicted 
exactly. Maxent finds the target distribution with the highest entropy given the 
constraints imposed by the known presences and distribution of predictor variables 
(the constraint that the expected value of each predictor should equal the average of 
that predictor over the sample points).  
 
Maxent has a number of advantages beyond requiring only presence data, including 
that it is possible to interpret how each environmental variable relates to suitability 
(Phillips et al. 2004); over-fitting can be avoided by using l-regularization (Phillips et 
al. 2006) and there is great flexibility in the choice of threshold if binary predictions 
are required. Considerations of model formulation as discussed above are not the only 
considerations in predicting species distributions. There are considerations of 
predictor variable choice, generality, reality and precision trade-offs, and species 
versus community approaches (Guissan and Zimmerman 2000 provide an excellent 
review of these and other considerations). A further consideration often lacking in the 
literature is species biology, as pointed out by Austin (2007). Description of an 
animal‟s home-range size should precede any habitat selection studies (Nicholls and 
Racey 2006). Although it is not always possible to use grain sizes similar in size to a 
species home range size, where data allow, the importance of scale on results could be 
investigated.   
 
 
5.3 Methods 
5.3.1 BAP species 
The UK Biodiversity Action Plan was launched in 1994 to deal with biodiversity 
conservation in response to the 1992 Rio Convention on Biological Diversity. The 
UK BAP includes 391 Species Action Plans (SACs), 45 Habitat Action Plans (HABs) 
and 162 Local Biodiversity Action Plans (LBAPs). Species are designated an Action 
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Plan if they have shown significant decline in recent years or are nationally rare or 
threatened, or if the UK population represents an internationally important component 
of the species distribution, and if there is potential for action to improve the situation.  
 
There are over twenty BAP species known to be present in the North Pennines 
AONB, although for some of these data are lacking beyond a single presence record 
within the area. Sixteen species for which sufficient data (more than five presence 
records, as suggested as adequate for Maxent by Pearson et al. 2007) could be 
acquired were used (see Appendix II). 
 
5.3.2 Vegetation data 
At smaller scales, biotic variables (in this case vegetation types and measures of 
vegetation patchiness) are expected to be able to explain the distribution of species 
better than climatic, latitudinal and other abiotic gradients often used as predictor 
variables (see Brown et al. 1996) which may be relatively constant over a smaller 
study area. GIS maps of the vegetation distribution within the North Pennines were 
acquired from Natural England (previously English Nature). These were fine scale, 
detailed files with 15 different vegetation types included, such as calcareous grassland 
or Allen flush. English Nature developed these files from satellite images, with 
ground truthing to aid in interpretation.  
 
The files acquired from English Nature were then categorised into four broad 
vegetation types: Blanket bog, heather moorland, rough grassland, and woodland. 
These groupings were based on associations of the types, as deemed appropriate from 
descriptions in the National Vegetation Classification (NVC) system (Averis et al. 
2004, based on original descriptions and classifications in Rodwell 1991a, 1991b, 
1992, 1995 and 2000) and Natural England descriptions of the 15 types of vegetation, 
and further informed by a PCA of the raw vegetation variables. For example, the 
broad grouping „blanket bog‟ consisted of the Natural England types blanket bog, 
blanket mire and raised mire, as the NVC classifications associated with the Natural 
England definitions of these three vegetation types are all types of blanket bog, and 
this was confirmed by PCA. There is a problem of non-independence with the 
  
 126 
vegetation data. One type is always redundant, because if X% of the cell is taken by 
the first three categories, then 100-X% must be the final category (% and hectares are 
interchangeable, because 1km
2 
is 100ha). Leaving one of these groupings out of the 
model would avoid this redundancy. None of the four vegetation variables had a pair-
wise Pearsons correlation of more than 0.43, but the highest correlations were 
between heather and the other vegetation types. Compositional analysis of habitat use 
has been used successfully to avoid non-independence in radio-tracking data of an 
animals use of available habitat (Aebischer and Robertson 1993). This uses a log-
ration transformation, such that if there are n vegetation types, there are n-1 
components. Each component is calculated as ln(xi/xj) with xi and xj proportions of 
vegetation i and j in the grid cell. This was implemented in the present chapter with 
heather as the denominator, and compared with the performance of a simple 
vegetation data predictor variable set which simply omitted heather as a predictor 
variable. For the purposes of running simulations involving changes in landscapes in 
the next chapter (Chapter 6), the latter (omitting one vegetation type) would be easier 
to work with and make for more obvious interpretations of results, so compositional 
analysis will be used in the final Maxent models only if performance is considerably 
improved.  
 
5.3.3 BAP presence data 
Presence records for the BAP species present within the North Pennines AONB were 
acquired from a number of sources, listed in Appendix I. Some of these were freely 
available to download (access via the Natural Biodiversity Network (NBN) Gateway) 
while others were acquired only with the agreement of the data holder. Basic biology 
of these species is provided in Appendix II.  
 
An example of the configuration of the BAP presence data, management and 
vegetation data is shown in Figure 5.1. This diagram incorporates only three elements, 
and is a close up of only a small part of the study area. 
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5 km
North
 
Figure 5.1 Example of three layers of data in a GIS map, showing blanket bog 
(solid blue), shooting (blue stripes) and known Black Grouse presence (red 
dots).  
 
5.3.4 Management data 
Land owners, managers, gamekeepers and tenant farmers were interviewed and asked 
to draw on OS maps (or provide copies of their own maps) where management for red 
grouse shooting took place, and the locations, geographical extents and year of start of 
scheme of any government funded agri-environment schemes. They also marked 
summer and winter grazing regimes and whether these had increased, decreased or 
remained the same over the past ten years. Where the interviewee was a land owner or 
factor (agent employed by the owner to run the estate), the extent of land which was 
managed directly by the estate as opposed to tenant farmers was also marked.  
 
Land entered into a government scheme covers a large proportion of the area, and can 
be divided into the Environmentally Sensitive Area scheme (ESA) and Countryside 
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Stewardship Schemes (CSS). CSS cover a substantial proportion of the North 
Pennines and were the main agri-environment schemes in the area until recently. 
There is also some cover of ESA but a small proportion of the species presence 
records are from within this area. The aims of ESA and CSS are similar, and both 
have, among others, the aim of helping the government achieve BAP commitments. It 
was unclear whether it would be necessary to separate these into two separate 
variables (CSS and ESA). Using Black Grouse (Tetrao tetrix) and the Argent and 
Sable moth (Rheumaptera hastata) as example species, the performance (AUC) was 
very similar and predicted distributions were almost identical with the ESA and CSS 
combined as with them separated. So for ease of analysis, and to reduce the number of 
predictor variables, they remained combined as one variable called CSS. CSS has 
been available since 1991 (and ESA since 1987), while the species presence data are 
from the period 2001-2006. The number of years since the start of the CSS scheme 
until 2001 was investigated. Three models were compared; one with the area of CSS, 
a model with area of CSS replaced by years since beginning of presence of CSS 
within a 1km square, and a model with both of these CSS variables, and an interaction 
term. Any CSS coverage within a square belongs to the same individual agreement 
and hence began at the same time. Both models including the time since CSS began 
have higher AUCs then the one without, but the AUC and distributions are similar for 
both the models with this variable. Therefore, for parsimony, the time since CSS is 
used as the CSS variable in the management group of predictor variables.  
 
5.3.5 Maximum entropy modelling of species distributions 
According to Jaynes (1957), the best approximation of an unknown probability 
distribution is that which satisfies any constraints, and that, subject to these 
constraints, has the maximum entropy. If we call ˆ  our approximation of the 
unknown probability distribution ( ), then for a finite set X of points x, ˆ  (x) is a 
non-negative probability of each point x, which sum to 1.  
The entropy of ˆ  is: 
 Xx xxH )(ˆln)(ˆ)ˆ(      (Eq. 5.1) 
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A distribution with higher entropy is less constrained, and more uniform. In Maxent 
distribution modelling, the constraints are derived from occurrence data expressed as 
functions of environmental variables (features) f1, …. fn. The mean of each feature 
that is predicted by the model is required to be close to the empirical average over the 
presence sites. Maxent takes a set of sample points x1, .… xm drawn independently 
from X (with replacement). The empirical average of the feature fj is 
)(
1
1
i
m
i
j xf
m
 which we can write as ~ [fj], where 
~  is the uniform distribution on the 
sample points. This is used as an estimate of [fj]. 
 
So, under Maxent, we seek the  of maximum entropy subject to the constraint that  
 ˆ [fj] = 
~ [fj].  
 
We choose the distribution which, subject to this constraint, has the highest entropy. 
In other words, Maxent finds the distribution which has maximum entropy among 
those satisfying the constraints that the expectation of each feature matches its 
empirical average. Maxent as thus described will be prone to over-fitting, in part 
because the empirical feature means will only approximate the true means. Therefore 
the means under  should only be restricted to be close to their empirical values.  
This relaxed constrain becomes 
| ˆ [fj] - 
~ [fj]|  ≤  βj      for each feature fj. This is a form of regularization, and forces 
Maxent to focus on the most important features. Such models are less likely to overfit 
because they have fewer parameters, and the simplest explanation of a phenomenon is 
usually the best (principle of parsimony).  
 
The Maxent program, as available, starts with a uniform distribution for which all 
features have zero weight. It performs a number of iterations, each of which increases 
the probability of the sample locations for the species. This “gain” (the log of the 
number of grid cells minus the log loss, which is the average of the negative 
probabilities of the sample locations) increases as the program increases the 
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probabilities of the sample locations. Maximising the regularised gain is equivalent to 
minimising the regularised negative log likelihood (log loss) of the sample points  
)]ln([~ q  
which can also be written as  
 
m
i
i
xf
m
Z
1
)(.
1
ln       (Eq. 5.2) 
 
In the context of species distribution modelling, X is a set of pixels and x1, .… xm are 
recorded presence localities. In presence-only datasets, it is likely that sampling biases 
occur, so ˆ  can be conservatively interpreted as a relative index of suitability. 
Maxent software was downloaded from www.cs.princeton.edu/~schapire/Maxent.  
 
5.3.6 Model performance assessment  
Receiver-operating characteristic (ROC) curves represent a threshold independent 
means of assessing model performance where an independent data set does not exist. 
They are used widely in clinical medicine (e.g. Zweig and Campbell 1993), and have 
been applied in evaluation of models of species distribution (e.g. Elith and Leathwick 
2007). A ROC curve is drawn by plotting, for each possible threshold (the minimum 
prediction that is taken as indicating occurrence), the rate of true positive predictions 
versus the rate of false positives (commission rate). True positives are actual positive 
cases which are correctly specified as so, and the rate of these is also known as 
sensitivity. False positives are classed as positive when in fact they are known to be 
negative, and the rate of these is also known as one minus specificity, where 
specificity is the rate of true negative classifications.  
 
The area under such a curve (AUC) is determined by connecting these points, and 
represents the probability that a random positive instance and a random negative 
instance are correctly classified. When only presence records are available, pseudo 
absences are used which are randomly drawn background points. In order to measure 
the AUC, a certain percentage of presence records must be kept aside for testing the 
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predictions. Predictions using a different test percentage (from 10 to 50) including 
25% (as recommended by Phillips et al. 2006) were created for each species to look at 
robustness of predictions and predictive accuracy with varying proportions of 
presence samples retained for model testing. This is especially important given the 
small number of presence records for some species (see Appendix II), as low as five. 
After appropriate predictor variables and test point selection methods (random or strip 
methods) had been chosen, and models evaluated, a final run was performed using all 
data points for each species, in order to obtain the final set of predictor variables, to be 
used for mapping of species distributions within the study area.  
 
5.3.7 Model building and prediction procedure 
All GIS procedures were performed in MapInfo Professional 7.5. The vegetation files 
were combined into one vegetation map of the North Pennines, then a 1 km
2
 grid file 
was created. Within each square the following were calculated; the area of each raw 
and of each broad vegetation type, and measures of patchiness (number of broad 
vegetation types, percent cover of non-dominant types and edge distance between raw 
types). The first two of these are highly correlated so the percent cover of non-
dominant types was removed from subsequent analyses. Management data were 
incorporated into these grid files, so each cell included information about the area shot 
over, the area enrolled in a government agri-environment scheme, and the grazing 
level (high, medium or low). High grazing represents high intensity for the North 
Pennines but not necessarily relative to other areas.  
 
This grid file was used as the highest resolution grid, vegetation. With further 
treatment it provided grids at the approximate home-range of species for which this is 
known to be larger than 1km
2
 (buffer). A grid was also produced with 4km
2 
 pixel 
sizes to represent farm units (farms) (see Chapter 3), and finally, a grid was produced 
with the 1km
2
 grid size but with moving window averages used as the vegetation and 
management variables (mwa). This takes into account the wider area, but with higher 
weight given to the focal cell (the focal cell is given a weight which equals the sum of 
the weights given to all surrounding cells, in a queens arrangement, as used in 
Pinheiro and Bates (2000)).  
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The Maxent output provides model training and test AUCs (with standard deviations 
for test AUC), binomial test of omission results testing the statistical significance of 
the prediction, response curves for each predictor variable, and jacknife AUC bar 
charts showing the AUC of a model run with each variable in isolation, and with all 
variables excluded in turn.  
 
First, Black Grouse and the narrow-bordered bee hawk-moth (Hemaris tityus) were 
used to check that the Maxent model performed well, with AUC values above 0.5 
(random predictions), response curves that did not run contrary to what might be 
expected from the literature and known habitat use of the species, and to compare the 
test model predictions using random and strip assignment of test records. Random 
assignment can be performed automatically in the Maxent software by specifying the 
percent of records to be retained for testing. Strip assignment was performed using 
MapInfo and excel, choosing a strip in the centre of the study area wide enough to 
enclose the required number of presence records only.  
 
Models for each BAP species were run with each of the following groups of predictor 
variables described in Table 5.1, and for combinations of these predictor groups. 
Predictor variables such as climate, used in previous habitat suitability papers, were 
not used in the present study because they vary little at the scale for which data is 
available for the study area. There is likely to be some multi-co linearity between 
management and vegetation variables, for example management for red grouse 
shooting maintains heather. By investigating the ability of these predictor groups to 
accurately predict BAP species presences, we can see if additional information is 
gained from keeping both sets in the model or not. The combinations of predictor 
groups are referred to as “treatment” from this point forward. Ten runs were 
performed of each treatment for each species with a different random twenty five 
percent of records retained for testing the model, and the average AUC values (one 
value per treatment per species) were used for analysis.  
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 Table 5.1 Description of each predictor group used in Maxent models. 
Predictor group Description Number of 
variables 
Raw vegetation Area of each raw vegetation type as in the original 
EN files 
15 
Broad vegetation 
continuous 
The area of each of the four broad categories 
described in Section 3.2.2, except for heather which 
has a high correlation with some of the others 
3 
Broad vegetation 
categorical 
Simply presence or absence of each of these broad 
categories 
4 
Patchiness Total length of edge between vegetation categories, 
and the total number of vegetation categories 
present, within each 1km square. 
2 
Management Area under different land uses (management for red 
grouse shooting, and government agri-environment 
schemes), and grazing level. 
3 
 
A number of models for each species were run using different settings. Feature 
selection (the shape of the response allowed for, with linear, and if there are sufficient 
samples, threshold, hinge, quadratic and product responses allowed for), 
regularization multiplier (which limits over-fitting) and the convergence threshold 
(which determines when the iteration stops running) can all be user specified. For 
most species the recommended (default) settings consistently produced the best 
predictions (based on AUC scores). However, for species with less than 32 training 
examples available the regularization multiplier was varied for the „best‟ set of 
predictor variables identified using the recommended settings, to find the ideal 
regularization value, because AUC is especially sensitive to the regularization value 
below this sample size, and the optimal value varies from 0.1 to 2 (Phillips et al. 
2004).  
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Prediction maps were achieved by transforming the raw Maxent predictions to attain 
logistic predictions. If the raw Maxent prediction is p(x), the corresponding logistic 
value is (c*p(x))/(1+c*p(x)), where c is the exponential of the entropy of the raw 
distribution. The raw output is a probability of occurrence such that all cells sum to 
one, and are thus typically very low, and make it difficult to compare results between 
species. The logistic predictions are suitable for comparisons between species, 
because they represent an actual (scale independent) probability of occurrence.  
 
When looking at predictions based on logistic values it is important to make the 
distinction between presence and abundance. If there are many individuals of species 
A in a square km, and one individual of species B (perhaps a larger species with a 
larger home range requirement), A is more likely to have been recorded, even if the 
conditions in the square are equally suitable for both. This could lead to a higher 
prediction for species A because species B may not have been sampled in such an 
area. A logistic value of x presents an identical suitability for both species A and B if 
squares in which each of the species have actually been found are similarly suitable 
for each.  
 
There are no established guidelines about threshold choice (as required for the maps 
in Figure 5.7). A higher threshold leads to a lower proportion of the area being 
predicted as likely to contain the species (fractional predicted area) and a higher 
omission rate (false negatives). The extreme left side of a ROC curve corresponds to a 
high omission rate. The extreme right corresponds to a high commission rate, or false 
positive rate. The trade-off between omission and commission error depends on the 
goals of the researcher. In the present case the goal is to identify areas as suitable for 
BAP species, and to identify management or vegetation variables which consistently 
lead to higher probability of BAP species presence. For the latter goal, the choice of 
threshold is less important, because a variable will act in the same direction regardless 
of the threshold chosen. For the former goal, a high commission rate is perhaps less 
undesirable than a high omission rate, because a high omission rate might mean areas 
with potentially very high value for conserving BAP species are assigned low values. 
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The compromise will be found which minimises the omission rate given some 
threshold of commission rate deemed acceptable.  
 
5.3.8 Analysis 
Buffers and farms grids were created from the vegetation grid using MapInfo. Mwa 
grid was created from the vegetation grid in R 2.5.1 (R Development Core Team 
2005) using the spdep library (Bivand 2006). Mapinfo was also used for presentation 
of distribution maps. Statistical analysis was performed in R 2.5.1, with the following 
libraries used: nlme (Pinheiro et al 2006) and lattice (Sarkar 2006).  
 
5.4 Results 
5.4.1 Performance of model in predicting species distributions 
The ten predicted distributions per species for each group of predictor variables were 
examined to check for stability of predictions with a different 75% of training data. In 
all cases except for the Pipistrelle bat (Pipistrellus pipistrellus), Pale Shining Brown 
(Polia bombycina) and the Northern Dart moth (Xestia alpicola alpine) distributions 
were similar. Fig. 5.2 provides an example ROC curve output provided by Maxent for 
assessment of model performance. The predictions and performance were robust to 
different test percentages except for these same three species, which showed 
differences in predictions and predictive accuracy between runs with a different test 
percentage. Except for Pipistrelle bat, it seems that predictions are robust above a 
sample size of ten. The model performed similarly for random and strip assignment of 
test records, therefore for simplicity, random assignment and the recommended 25% 
of records for testing were used for further model runs. 
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Figure 5.2 ROC threshold independent curve for Red Squirrel (Sciurus 
vulgaris) distribution predictions, showing true positive versus false positive 
rate. The red line shows the curve drawn using the training data, the dark blue 
line is with the test data, and the light blue line shows a completely random 
prediction. Any lines above this light blue curve represent predictions better 
than random. The AUC is the area under the ROC curve. 
 
 
The average training and test AUC score for each treatment for each species were 
then compared with a random variable with a mean of 0.5 and a standard deviation the 
same as that for the training and test AUC variables. The training and test series 
perform significantly better than the random series (F(2,459) = 103.69, P < 0.001). As 
training AUC increases, so does test AUC, in an approximately linear fashion (Fig. 
5.3). 
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Figure 5.3 Training AUC and test AUC for all species, and all treatments. 
Each species has a different symbol, and the 0.5 AUC lines are drawn on with 
dotted lines. Any data point which is in the top right quarter of the plot area 
has a training and test performance which is better than random. The squares 
with a cross inside, and consistently low test AUC represent Pipistrelle bats 
(Pipistrellus pipistrellus). The overall Pearsons Correlation Coefficient is 
0.570 (1 d.f.), and corresponding r
2
 is 0.325. The mean Pearsons Correlation 
Coefficient, when individual correlations are performed for each species, is 
0.671. 
 
For most species, AUC varied depending on the treatment (see Fig. 5.4) but was 
generally above 0.5. For the Pipistrelle bat, test AUCs were consistently low across 
models, with an average of 0.277. This species was therefore removed from the 
species-specific analyses. 
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Figure 5.4 Test AUC for best model and worst model, for each species. 
Sample size is on a log scale for visual ease. The largest sample, Skylark, has 
312 presence records, and the smallest, the Pale Shining Brown (Polia 
bombycina), has 5. 
 
The performance of models using compositional analysis with heather as the 
denominator, and simply using three of the four broad vegetation categories to avoid 
non-independence, performed similarly (no statistically significant difference), so for 
ease of interpretation and ease of use in Chapter 6, the three broad vegetation 
categories were used. For each species, the best predictor variable group was chosen 
based on average test AUC score (Appendix III lists the best model for each species). 
Maxent was re-run using all of the available presence records for the best treatment 
for each species. For example the highest test AUC for Red Squirrel was 0.968, and 
this was with continuous broad vegetation, management and patchiness variables, so 
all of the presence records and these predictor variables were used to produce the map 
of potential Red Squirrel distribution in Figure 5.5. 
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Brown Hare 
 
Red Squirrel. 
 
Sword-grass 
 
Cornflower 
Figure 5.5 Maps of predicted distribution for selected species. Blue represents 
very low probability of occurrence (0-0.2), then green, then yellow, with red 
indicating high probability of occurrence (0.6 or above). These are logistic 
predictions, from transformation of the raw predictions. Logistic predictions 
are scale independent (not dependent on the area occupied by each species) 
and a red square for one species is similarly suitable for that species as a red 
square for another species. Black dots represent presence records. 
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The species in Figure 5.5 were chosen to represent the variety of prediction patterns. 
Brown hare and sword-grass show a spread of predictions, with cells in all categories, 
and high predictions spread throughout the North Pennines. Red Squirrel is mostly 
predicted to be absent (blue cells represent low suitability), but where there are trees 
the prediction is in the top two categories (yellow and red). This shows that although 
trees are essential for squirrels, and are the most important variable for Maxent 
predictions of squirrel distribution, Maxent can still provide subtly different 
predictions even within cells containing trees. No known presence cells are predicted 
as lowest suitability (blue) but some have relatively low suitability such as yellow or 
red. Most of the North Pennines is predicted to be somewhat suitable for cornflower, 
with no cells being highly suitable (red) and very few being unsuitable (blue). Table 
5.1 shows which predictor variables are used to give the predictions for each species.  
 
Figure 5.4 shows the range of test AUC values for each species, with the highest and 
lowest. The range becomes visibly smaller with increased sample size, and a 
regression of the range (highest minus smallest) with logged sample size proves 
significant (β = -0.12590, t = -3.913, P < 0.01).  
 
In the present case a single threshold applicable across all species is desirable so that 
suitability of an area can be compared across species. 0.47 was chosen because above 
this the omission rises steeply, but below this there is likely to be a high commission 
error (Fig 5.6). It is not possible to calculate directly the commission rate because it 
would require known absences which are not available. The fraction of the total area 
predicted to be present acts as a proxy for commission error.  
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Figure 5.6 Omission rate (false negatives) and the fraction of the total study 
area predicted as having species present, for a range of logistic prediction 
thresholds. Each colour represents a different species.  
 
Using this threshold, and summing the number of species of each taxon likely to be 
present (Fig 5.7) we see that the squares most suitable for each taxonomic group 
(vertebrates, invertebrates or plants) and for total BAP species, are spread out with 
little clustering, although generally the north eastern section is less suitable than 
others. With a threshold of 0.5, cumulatively 404 squares are especially good for 
either vertebrates, invertebrates or plants (red squares in Fig 5.7), of which only 0.7% 
are highly suitable for all three taxonomic groups (Figs 5.8a and 5.9). With a 
threshold of 0.4, 899 squares are good for at least one taxon, of which 19.3% are 
common to all three (Figs 5.8b and 5.9). The cells which make up the 34, 18 and 5 
shared by respective pairs of taxonomic groups as squares highly suitable for both, are 
spread out in geographic space, as are the three cells highly suitable for all three 
groups.  
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Vertebrate BAP species 
 
Invertebrate BAP species 
 
Plant BAP species 
 
Total BAP species 
 
Figure 5.7 The maps are produced by summing the number of species for 
which the logistic prediction is greater than 0.45. Blue = 0, green = 1, yellow = 
2, red = 3 or more for the vertebrate, invertebrate and plant maps (out of a 
possible five, six and four respectively). The map of total BAP species is 
coded: blue = 0-1, green = 2-3, yellow = 4-5, red = 6 or more. 
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a) 
 
 
b) 
 
Figure 5.8 Venn diagram showing congruence across the three taxonomic 
groups. These are squares that are suitable for three or more species within 
each taxonomic group (red squares in Figure 5.7). a) shows congruence with a 
Maxent predicted logistic threshold of 0.5 above which the species is assumed 
to be present , b) is with a threshold of 0.4.  
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Figure 5.9 Relationship between the threshold used to define presence of 
species, and congruence between areas highly suitable for that taxon. If three 
or more species within a taxon are predicted to be present, a cell is regarded as 
highly suitable for that taxon. 
 
AUCs for the training dataset is significantly different amongst different treatments 
(F(9,144) = 4.489, p<0.001) (Fig. 5.10). Taking model A as the baseline (Table 5.2, 
the raw vegetation, management and patchiness model), the patchiness only, 
management only and categorical vegetation only models (J, K and L, see Table 5.2) 
have significantly lower AUC than the others. Taking model L as the baseline, models 
A, B and C have significantly higher AUC than the others. Test AUCs are not 
significantly different from each other. 
 
There is more variability in model performance when looking at training data than test 
data (Fig 5.10), so the ability of models to predict distributions in new (un-sampled) 
locations is lower, and less affected by the predictor variables used. The different 
training AUCs for different treatments could be a function of the number of predictor 
variables used, with more predictors perhaps expected to lead to increased model 
performance. AUC does increase with the number of predictors up to a threshold of 
approximately ten, and remains constant beyond this point (Fig. 5.11).  
  
 145 
Table 5.2 Predictor variable treatments used in models. These are not 
individual variables but types of variables, as described in table 5.1. For 
example, vegetation continuous consists of four different vegetation variables, 
all in continuous form.   
Model Variables 
A Raw vegetation, management and patchiness. 
B Vegetation continuous and management and patchiness 
C Vegetation continuous and management at home range 
size 
D Raw vegetation 
E Vegetation continuous and management 
F Vegetation categorical and management 
G Vegetation continuous and patchiness 
H Vegetation continuous 
I Vegetation categorical and patchiness 
J Management 
K Vegetation categorical 
L Patchiness 
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Figure 5.10 AUC for different treatments. Each treatment (on the x axis) 
represents a different group of predictor variables, given in Table 5.2. Solid 
boxes represent test AUC, and the dotted outline white boxes represent 
training AUC. The notches extend to +/- 1.58 interquartile ranges divided by 
the square root of the number of data points in that box. Dots are outliers. If 
these notches do not overlap, this is strong evidence that the means differ 
(Chambers et al. 1983). Dots are outliers. AUC above the horizontal dotted 
line represent predictions which are better than random.  
 
5.4.2 Determinants of species distributions 
A linear mixed effects model incorporating species, taxon (vertebrate, invertebrate or 
plant) or body mass as random effects, and treatment type, number of presence 
records and the number of predictor variables as fixed effects was fitted to examine 
the importance of different variables in determining model performance as measured 
by AUC (Table 5.3). A model with no random effects was fitted using generalised 
least squares for comparison with the models including a random effect (as in 
Pinheiro and Bates 2004). The AICs are compared. 
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Table 5.3 AIC results for linear mixed effects models of Maxent model 
predictability (or generalised least square if no random effects included). The 
“% Var” column gives an estimate of the total variance which is explained by 
the random effect. Treatment is the predictor variable group, sample size the 
number of presence records, and variables is the number of predictor 
variables.  
Model Training dataset 
Test AUC 
Test dataset 
AIC ∆AIC % Var AIC ∆AIC % Var 
asineAUC~ sample size + variables + species -282.1 0.2  -63.6 0  
asineAUC~ treatment + variables + species -282.3 0  -30.6 33  
asineAUC~ treatment + sample size + species -267.6 14.7  -18.9 44.7  
asineAUC~ treatment + sample size + variables + species -269.4 12.9 79 -16.8 46.8 39 
asineAUC~ treatment + sample size + variables + body 
mass 
-230.9 51.4 55 66.1 129.7 68 
asineAUC~ treatment + sample size + variables + taxon -87.1 195.2 24 120.3 183.9 16 
asineAUC~ treatment + sample size + variables  -64.6 217.7  132.7 196.3  
 
First the best random effect was chosen with all fixed effects included, then, the fixed 
effects were removed one at a time to look at the influence of removing this variable 
on the AIC. The random effect providing the lowest AIC is species. The fixed effect 
which increases the AIC the most when removed is the number of predictor variables 
included. Using predictor type instead of the number of variables does increase the 
AIC for both training and test models. Type is a factor, so increases the number of 
parameters in the model by many more than the one parameter for number of 
variables which is continuous. To investigate the effect of this on AIC, which 
penalises increase in the number of parameters, the number of variables was coded, 
with each level being given a letter code. The AIC values were similar to those in the 
Table above, and the ordering of AIC values did not change, indicating that the lower 
AIC when the number of variables is in the model instead of treatment (type) is not 
simply an artefact of the treatment being more heavily penalised because it is a factor. 
The order of best models according to AIC (Table 5.3) are almost the same for the 
training and test AUC models except sample size replaces type in the best model for 
the test dataset. The results of the best training model are that number of variables has 
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a significant and positive coefficient, and different types of predictor variables 
significantly affect AUC. The number of variables and the sample size have a positive 
and significant effect on test AUC.  
 
Some variables are more important than others to individual species‟ likelihood of 
presence, especially woodland area and shooting and some contribute more than 
others to the predictive ability of the model, especially blanket bog and grazing level 
(Fig 5.11). Appendix III lists the most important predictor variables for individual 
BAP species. 
 
 
 
 
Figure 5.11 AUC contribution of individual variables for all species combined. 
A contribution no better than random is indicated by the horizontal dotted line. 
 
Fig. 5.12 shows the importance of individual predictor variables to each BAP species. 
To look at the importance of different variables for species distributions, the response 
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shapes were examined for each variable for each species. Responses were classified 
as positive, negative, flat, or quadratic. The number of each type of response per 
taxonomic groups was used as an indication of the influence of that variable on that 
taxonomic group, and the positive minus negative responses as a „total‟ response for 
that taxonomic group (Table 5.4). Blanket bog, patchiness, grazing, shooting and CSS 
maximise the number of plant BAP species potentially present, woodland, the number 
of vegetation types, and long running agri-environment schemes maximise the 
number of invertebrate BAP species potentially present, and blanket bog, number of 
vegetation types and shooting increase the number of vertebrate BAP species 
potentially present.  
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Figure 5.12 Percent importance of predictor variables to each species, and 
direction of effect. “Other effect” incorporates threshold and quadratic 
responses. If the importance is less than 5%, the effect is classed as negligible 
whatever the direction.  
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Table 5.4 Number of positive (+), negative (-) and neutral or quadratic 
responses for each variable, and the average % importance of that variable 
over all species. Fig 5.12 shows where a variable has a particularly strong 
effect on individual species even if the average is not high. 
Variable Total +ve Total –ve Total 
neither 
Average % 
importance  
Woodland 5 4 6 21.6 
Blanket bog 4 2 9 19.4 
Shooting 5 3 7 16.5 
Grassland 3 4 8 14.7 
CSS 4 3 8 10.7 
Number vegetation types 4 0 11 4.2 
Heather 2 2 11 3.4 
Patchiness 2 3 10 2.7 
Grazing 1 3 11 2.7 
 
 
5.5 Discussion 
This study has shown that there is little congruence in areas highly suitable for BAP 
species of different taxa, and that some management and broad vegetation types are 
more conducive to BAP species presence than others. For most species broad 
vegetation and/or broad management variables are superior predictors. Woodland, 
blanket bog and shooting have the most positive influence on BAP species presence 
overall (Table 5.4). Patchiness, expected to be beneficial to smaller bodied animals 
(Fischer et al. 2008), does not seem to be important for rare and threatened species in 
the North Pennines as a whole, even though many of these are smaller bodied. Upland 
landscapes are thought to be less productive than lowland landscapes (Pearsall 1968, 
Ratcliffe and Thompson 1988), perhaps requiring more area of each element of 
habitat and therefore complexity only on a larger scale. The number of vegetation 
types has a positive influence compared with the patchiness indice (which is length of 
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edge between broad vegetation classes), showing that indeed perhaps larger scale 
patchiness is beneficial rather than patchiness on smaller scales.  
 
There is little complementarity between the predicted locations of BAP species, with 
the total BAP species map in Fig 5.7 showing a couple of clusters of high total 
predicted number of BAP species (more than six), but otherwise there is a dispersion 
of squares expected to harbour more than six BAP species. For plant BAP species 
there is a potential hotspot, unlike for animals (Fig 5.7). This supports the premise 
that there is no simple solution to maximising the distribution of BAP species within 
the North Pennines.  
 
It appears that government funded agri-environment schemes are achieving at least 
some of their goals in terms of wildlife conservation. Longer periods of agri-
environment schemes lead to increased numbers of total, plant and invertebrate BAP 
species likely to be present, although fewer vertebrates (Table 5.4). The reader is 
reminded that the agri-environment scheme variable represents the time land in that 
square has been under a scheme. Previous literature shows increases in populations 
(or slows in decline) of particular vertebrate populations, but does not examine factors 
influencing the number of BAP species present. For example Wilson et al. (2007) 
show that high investment can slow the decline or increase the populations of several 
waders, but low investment leads to little benefit, while Ausden and Hirons (2002) 
show that RSPB reserves lead to more favourable annual population changes than 
ESA agreements for some waders (although it is perhaps unrealistic to expect a farm, 
no matter how „environmentally sensitive‟ the management, to perform as well as a 
bird reserve in producing birds). Carvell et al. (2007) show the benefits of certain 
agri-environment schemes (those replacing CSS) for bumble bee diversity. It seems 
that although agri-environment schemes might be beneficial for particular species, 
they do not necessarily maximise the number of rare or threatened vertebrate species 
present.  
 
Agri-environment schemes have numerous aims, but one of these is to help the 
government meet its BAP commitments. Although BAP was a response to the 1992 
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Convention on Biological Diversity, and ESA and CSS were already in existence at 
this time, the BAP targets drew heavily on the potential of agri-environment schemes, 
and existing aims of the schemes were readily directed towards BAP species and 
habitats (see Ovenden 1998 for some examples of how agri-environment schemes 
were already contributing to BAP targets in the 1990s). Funds for CSS are finite, and 
so agreements were granted in cases which provide the most environmental returns 
for the money. This makes it difficult to infer causality; are there more BAP species 
on CSS lands because they were granted in order to protect these where they were 
already present, or are there more BAP species on CSS land because the management 
undertaken for CSS has increased the quality of the habitat for BAP species? The CSS 
variable used in the final model is the time since agri-environment scheme began. 
Therefore, we can interpret our result as: there are likely to be more BAP species 
present on land which has been under agri-environment management for longer. This 
provides support for the hypothesis that CSS and ESA agreements improve the habitat 
for BAP species, although not for vertebrate BAP species. 
 
Other management variables also have a strong overall influence on BAP species 
presence (Table 5.4 and Fig. 5.12). Shooting leads to mixed results, being beneficial 
for some, and not so for others. It is beneficial for vertebrate BAP species which 
benefit from blanket bog or heather, but heather moorland in general does not benefit 
vertebrate BAP species. Perhaps Tharme et al. (2001) study showing that shooting is 
beneficial for some bird species is based on effects via blanket bog which is 
maintained as a side effect of management for red grouse shooting due to the low 
disturbance, rather than on heather moorland maintenance as claimed. Grazing is 
good for plant BAP species, perhaps by promoting plant diversity (as shown 
previously by, for example, Collins et al. 1998). However, grazing led to a reduction 
in the number of invertebrate and vertebrate BAP species expected. Kruess and 
Tscharntke (2002) show that grazing reduces invertebrate diversity, and Rambo and 
Faeth (1999) find that grazing increases plant diversity, and reduces insect abundance 
although with little effect on insect diversity. Lizard diversity has been shown to be 
lower on more heavily grazed sites in Arizona (Jones 1981), and Fleischner (1994) 
provides a review of deleterious effects of grazing on vertebrates. There does not 
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appear to be a simple management solution for preserving rare and threatened species; 
a mix of prescriptions will be required to preserve habitat for all.  
 
Maxent has shown to be a useful and potentially accurate tool for predicting the 
distribution of rare or threatened species based on some known presences and a 
variety of vegetation and land use predictor variables, as well as the topographic and 
climatic variables previously used as predictors (Phillips et al. 2006, Elith et al. 
2006). Fourteen of the sixteen species studied produced Maxent predictions with an 
AUC of more than 0.7 (Fig 5.3 and Appendix III), and all except one species 
produced models which performed better than random (AUC > 0.5). This is similar to 
Elith et al.‟s findings with a variety of modelling methods, but all with much larger 
sample sizes. Hernandez et al. (2006) found Maxent produced higher AUC values, 
even at low sample sizes, but Hernandez et al. chose species for modelling which 
“lend themselves to climatic modelling (i.e. are not restricted to a geological 
formation or micro-habitat that is unlikely to be detected using climatic 
information)”. The predictor variables used by Hernandez et al. were climatic and 
topographical, variables which act on a larger scale than those used in the present 
study. Hernendez et al. find a similar pattern in AUC values with increasing sample 
size: Decreasing variance in AUC values (Fig. 5.4). Using predictor variables which 
act on a smaller scale lead to similar patterns in predictive ability of Maxent.  
 
The predictive ability of Maxent depends not only on data quality factors such as the 
number and type of predictor variables used. Sample size is clearly an important 
determinant of predictive ability (Table 5.3), as is to be expected, and has been shown 
previously (Hernandez et al. 2006). The variance decreases as the sample size 
increases, making the quality of predictions more reliable with increased sample size. 
The number and type of predictor variables both make some difference to the model 
but the number of predictors seems to be the more important of these in allowing 
predictive ability on new, un-sampled locations. But a bigger proportion of the 
variance in AUC values is dependent on the species. Simple indices such as body 
mass, which might be related to some aspects of species biology expected to influence 
predictability (such as dispersal ability or home range size), are not sufficient to 
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explain this, although body size does explain a lot of the variation in predictability 
(Table 5.3). This means that although predictive distribution models do have a place 
in conservation management, care needs to be taken in where they are applied. For 
some species they are likely to be powerful tools which can accurately predict likely 
presence locations or suitable habitat, but for other species other tools should be 
considered, or at least higher sample sizes and more predictor variables would be 
required to achieve a good standard of prediction quality.  
 
In general predictive ability of the models was fairly good for most species, except the 
Pipistrelle bat. The test AUC for this species was consistently below 0.5 for all 
treatments and for each run of the model. Pipistrelle bats roost communally, and each 
roost can range up to 3.5 km from the roost, but have a core home range of one to 
three km
2
 around the roost. Foraging sites are highly dispersed (Nicols and Racey 
2006) and so flights may cover all of this range in connecting foraging sites, and 
roosts themselves may not be at the centre or even most important part of the home 
range. The presence records for pipistrelle were widely distributed in space, 
suggesting they are not specialists, and models for generalists or species with broad 
geographic ranges are often less accurate than models for species with smaller ranges 
(Elith et al. 2006, Hernandez et al. 2006).  
 
Animals tended to have higher predictability than plants, and vertebrates higher than 
invertebrates. Tsoar et al. (2007) found that snails performed better than birds which 
performed better than bats when looking at predictive accuracy using kappa for a 
selection of models (not including Maxent). Perhaps animals, being more mobile, are 
able actively to choose habitat, and are thus more amenable to predictive distribution 
modelling. Plants might be expected not to establish in unsuitable spots, but this does 
not allow them to actively seek out potentially highly suitable patches. However much 
previous species distribution modelling work has focused on plant distributions, such 
as Pinus sylvestris (Garzon et al. 2006), and has found them fairly amenable to 
predictions using various methods.  
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It is useful to know which variables have the highest explanatory power so that in 
situations with little resources (as is often the case in conservation), limited survey 
effort can be focused on variables with the highest predictive potential across the area 
under study. Blanket bog is the vegetation type with the highest predictive power and 
grazing is the management variable which alone contributes most to AUC over all 
species (Fig 5.11). Agri-environment schemes and patchiness are also good predictors 
for some species. On the other hand woodland and shooting can be very important for 
individual species (Fig 5.12), although for many species woodland cover is not 
particularly important (such as Skylark and Swordgrass). It could be helpful in 
choosing which predictor variables to measure to know something of the species 
biology. In the case of the Red Squirrel, it could have been hypothesised that 
woodland would be an important variable because it is known that Red Squirrels live 
in woodlands.  
 
Maxent has proved to be a useful method with small sample sizes and its 
predictability over new areas is reliable with a variety of different types of predictor 
variables. The predictions have shown that blanket bog is a useful and important 
predictor variable, which increases the number of BAP species as does shooting. 
Heather moorland increases the number of invertebrate BAP species present in any 
one square. Agri-environment schemes show a lot of potential for contributing to 
conservation of BAP species, and should be targeted more towards blanket bog for 
maximum impact and to extend the positive impacts to vertebrate BAP species in the 
uplands.  
 
With the ever increasing threat of extinction facing many species worldwide, it is 
imperative that we understand how to protect our native natural heritage. Modelling 
exercises such as this provide a means of using available data to look for trends in the 
impacts of land use and vegetation types on species of concern for conservation. In 
combination with socio-economic studies this can lead to targeting of policies to 
allow maintenance of social and economic values at the same time as helping our rare 
and threatened species to cope with human-induced landscape change.  
 
  
 157 
Chapter 6 
Modelling Stakeholder Values for the North 
Pennines Under a Range of Policy Scenarios 
 
 
This chapter uses the stakeholder responses to potential future scenarios from Chapter 
3 to predict how the distribution of BAP species might change, and how this might 
impact on socio-economic values for the North Pennines AONB.  
 
 
6.1 Introduction.  
In a privately owned area with multiple land managers, it is not obvious how 
landscape scale conservation value might change given individual responses to policy 
changes. Government is concerned with change at the landscape level, rather than at 
the level of the individual farm or even estate, although it is starting to appreciate the 
importance of taking decisions at the appropriate spatial scale while recognising the 
cumulative impacts of decisions (Defra 2007a). Central government struggles to 
formulate coherent, holistic policies (Downe and Martin 2006), failing in its remit for 
joined up policy (Defra 2004 for example of this remit). Before policy can be truly 
holistic, the wider implications of potential policy scenarios must be understood. In an 
area such as the North Pennines, where landowners and tenant farmers or shoot 
tenants have differential motivations, and differential financial dependence on the 
land (Chapter 3), it is not at first obvious what the wider implications and knock-on 
effects of changes to policy might be. Considering these is an essential process if the 
Department for Environment, Food and Rural Affairs (Defra) is to live up to its 
claims of promoting joined-up policy thinking (e.g. Defra 2007b).  
 
Upland agriculture is in the process of reinventing itself as a provider of public 
environmental goods (Soliva et al. 2008). At the same time, there is pressure for 
liberalisation of the agricultural market, which some fear might lead to an increase in 
the rate of land abandonment already seen in European uplands (Girard et al. 1994, 
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MacDonald et al. 2000, Verburg et al. 2004). This is in contrast to the trends towards 
increased intensification in areas more favourable for intensive agriculture (Edwards 
et al. 1999). In theory, land abandonment would lead to a successional shift towards a 
„natural‟, or historical, vegetation state. In practice however this is not always the case 
(see Cramer et al. 2008). In the uplands, including the North Pennines, shrubs and 
trees may re-establish over large areas, but it is unclear where blanket bog would 
remain as a climax habitat (Klinger 1996). Climate change will influence not only 
vegetation patterns, but the way vegetation responds to other factors such as land use 
(Gryj 1998, Benning et al. 2002, Hobbs et al. 2006). Climate change is currently seen 
as inevitable and irreversible (Meehl et al. 2005), and if this is true, it is vital that we 
understand the link between current land uses and landscape and biodiversity before 
we can understand how climate change might influence these. In other words, not 
only is it important to understand these links in order to ensure holistic policy 
formulation, but it will become even more essential as climate change becomes yet 
another factor in the complex human-ecosystem interaction.  
 
Recent studies have investigated possible future scenarios for European agriculture, 
largely concentrating on trade liberalisation versus alternatives such as business as 
usual or biodiversity management (e.g. Munier et al. 2004, Westhoek et al. 2006, 
Soliva et al. 2008). These have mostly been on large, European or even global scales, 
and made assumptions about the potential future landscapes and the relative 
favourability of each. Chapter 4 indicates two possible scenarios of landscape and 
biodiversity changes which constitute a societal benefit (D and E in Table 4.13, not to 
be confused with the policy scenarios presented in Chapter 3 and used in this chapter). 
These could provide a basis for assumptions about what future policy scenarios 
should be aiming for in the North Pennines.   
 
The aim of this chapter is to build a simple simulation model to relate landowner 
motivations and possible actions in response to changing policy, incentives or the 
economic environment (Chapter 3) to the proxies for biological values measured in 
Chapter 5. These values are highlighted in Fig. 6.1. The scenario in Chapter 4 which 
involves loss of heather (currently maintained by management for red grouse 
shooting), and indicates a net societal cost, is compared with the results as a validity 
test, and as an illustrative example of how the model described in this chapter can be 
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used to infer actual socio-economic impacts of the policy scenarios modelled (see 
section 4.5.2 for more information about scenario C). In addition, the results of this 
model will then be compared with scenarios D and E in Chapter 4 to see if any of the 
proposed or advocated policy scenarios actually lead to an increase in socio-economic 
value (also highlighted in Fig. 6.1), indicating joined up policy. 
 
 
Policy Change
Stakeholder 
response
Change in 
management
Landscape Intervention
BAP species 
presence
Socio-economic values
Visitors
Residents
Government
Landowners
Non-users
Farmers
 
 
Figure 6.1 Overall model of links between stakeholder reactions to scenarios 
and conservation value of the North Pennines AONB. Highlighted elements 
are those which I have measured in previous chapters, and can explicitly 
model.  
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The local impacts of land use on conservation modelled here is in contrast to the more 
often studied, larger scale influences of geo-ecological variation (such as climatic 
variables) (Gordon et al. 2001). We make novel use of Maxent models (Chapter 5) by 
projecting BAP species distribution predictions onto theoretical landscapes resulting 
from a series of policy scenarios. This chapter makes the crucial link, often lacking in 
conservation literature, between stakeholder behaviours and conservation values 
outlined in section 1.1.   
 
The rest of this chapter is laid out as follows: First, I describe the model outline, and 
the process of building a simple model and using it to alter the landscape as a result of 
stakeholder reactions to policy scenarios. Then I describe how Maxent was used to 
predict the distribution of BAP species on these new landscapes. This leads onto the 
results section where the changes in BAP species distributions resulting from the 
changes in landscape are presented, and a conclusion is reached as to whether any of 
the policy scenarios lead to a benefit in terms of visitor socio-economic valuations. 
Finally, the results are summarised and discussed in terms of implications for future 
rural policy.  
 
 
6.2 Methods 
6.2.1 Outline 
The model (Fig. 6.2) was designed to investigate possible landscape-scale effects of 
individual farmer, landowner and grouse moor tenant responses to a set of policy 
scenarios. It uses a subset of the parameters in Fig. 6.1, namely those linking changes 
in management as a result of individual responses to policy changes with the resulting 
landscape and intervention regime, those linking landscape and intervention with 
BAP species presence, and those linking BAP species presence and landscape with 
visitor valuations. Parameter Management
Habitat  
in Fig. 6.2 is the way management 
changes (in response to policy change scenarios) might alter the landscape (and hence 
habitat availability) from that found at present. It was estimated from the literature 
and verified by discussions with ecologists and land managers (and is presented as 
model implementation in Appendix VII). Parameter Management
Intervention  
is the BAP 
species responses to management variables in the Maxent models presented in 
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Chapter 5 (e.g. shooting). Parameter Habitat is the BAP species responses to 
vegetation variables in the Maxent models presented in Chapter 5. The Valuation 
parameter is the willingness to pay (WTP) estimates for changes to landscape and 
biodiversity estimated in Chapter 4. 
 
 
Stakeholder 
response
Landscape
BAP species 
distribution
Visitor welfare 
estimates
ManagementHabitat
ManagementIntervention
Habitat
Valuation
Valuation
 
Figure 6.2 Model outline showing how the parameters link stakeholder 
responses to different elements of value.  
 
The actual management responses to scenarios presented in Chapter 3 determined 
how the landscape might change, via Management (see section 6.2.3 for more 
information on how Management
Habitat
 was calculated). Maxent results from Chapter 
5 for each BAP species were used to project likely distributions of BAP species over 
the resultant landscapes. The new BAP species distribution and associated landscape 
can then predict how socio-economic value might change. This part of the model is 
demonstrated using one outcome scenario from Chapter 4 (scenario C, an increase in 
rough grassland resulting from a decline in grouse shooting, Figs. 4.1 and 4.2). Model 
outcomes are compared with valuation scenarios to identify whether any policy 
scenarios lead to an increase in welfare estimates. The model building procedure is 
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shown in Fig. 6.3. The model procedure is composed of different stages, each 
discussed below, with the appropriate section to find more information about each 
stage indicated in Fig. 6.3. 
 
 
Create “vegetation” grid, 1km2 grid size
Create “farm” grid, 4km2 grid size
Assign decision to each “farm” cell
Assign changes to each “vegetation” cell according to decision 
assigned to its corresponding “farm” cell
Project Maxent results for BAP species distributions onto 
updated “vegetation” landscape 
Compare updated BAP distributions with 
current predicted distributions 
Compare updated landscape and BAP distributions 
with valuation scenario C
Make predictions about welfare consequences of 
policy scenarios. 
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
 
Figure 6.3 Model procedure, with indications as to which section to find more 
detail about each step of the procedure 
 
 
6.2.2 Virtual estates 
The North Pennines is composed of a number of estates of different sizes, each of 
which has at least one grouse moor of varying sizes, and a number of farm units with 
an average size of 512 ha. It was necessary to first create a virtual population of 
estates, grouse moors and farmers in the North Pennines landscape to simulate this 
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management structure. These decision-making units were linked to the vegetation grid 
file as shown in Fig 6.4. The 1km
2
 vegetation grid is the same habitat grid file as used 
in Chapter 5 for Maxent predictions of BAP species distributions. These grids were 
used throughout the procedure outlined in Fig. 6.3.  
 
 
Estate A
A1 A2
A3 A4
A5
A6 A7 A8
A2
A4
4 km2 cells 
1km2 cells
1              5
2              6
3              7
4               8
Moor a1
1              2
3              4
1              2
3               4
A8
Moor a1
Decision making units 
(farm)
Habitat units (vegetation)
 Figure 6.4 Virtual estates, and how these are linked with the habitat data. 
Within estate A, A1, A2 etc are 4 km
2
 farm units and Moor a1 is a grouse 
moor of size 32 km
2
. These are decision making units. Within each of these 
decision making units are a number of 1 km
2
 vegetation cells (four cells on 
each farm unit, variable number on grouse moors, 32 in this case). A section 
of the estate is enlarged (inside the thick dotted line) to show these vegetation 
cells (numbered 1, 2, 3 etc).  
 
 
The geographical locations and areas of moors (such as moor a1 in Fig. 6.4) are 
known (Chapter 3). Moors are not usually perfect rectangles, and their edges do not 
usually coincide with the edges of the 1 km
2
 habitat data set. In this model, cells with 
more than 50% covered by a moor are assumed to be part of that moor. The remainder 
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of each estate is divided into 4 km
2
 farm units covering four cells from the habitat 
data set each. The average farm unit size is 5.12 km
2
 (Chapter 3). However to allow 
predictions of species presence using Maxent, farm units should be square, and the 
next size of square is 9 km
2
, much larger than the average farm. The 4 km
2
 farms led 
to an average of almost eight farm units per estate, more than the lower bound 
estimate of six farms per estate estimated in Chapter 3.  
 
The model was based on 2 grid files: farm with 4 km
2
 grid cells, used as decision 
making units, and vegetation with a 1 km
2
 grid size containing the habitat, 
management and species data used in Chapter 5. Four vegetation grid cells fit into 
each farm grid cell (see Fig. 6.4). This allowed, for each scenario, the decisions made 
on a farm unit scale to alter the landscape on the smaller 1 km
2 
scale, and the 
projections using Maxent to be made on the most appropriate spatial scale for each 
species (identified in Chapter 5 and appendix III). 
 
6.2.3 Parameter estimation 
All parameters except Management
habitat
 were estimated in previous chapters. 
Management
habitat
 was estimated, for each behavioural response to scenarios, from 
literature, discussions with stakeholders and validation by upland ecologists, given 
feasibility constraints of timeframe and seedbanks. For example, under scenario 8 
(pay per nest scheme) some farmers would target specific birds likely to achieve high 
prices. They can do this by altering the available habitat. So, they might aim to 
provide suitable habitat for BAP birds or other birds identified by organisations such 
as Natural England or the Royal Society for the Protection of Birds (RSPB) as being 
of high conservation value. Literature relating land use to habitat availability was 
consulted to identify the habitat alterations which stakeholders might undertake in 
order to encourage such birds to nest, with stakeholder discussions to verify these. See 
Appendix VII for sources and assumptions for Management
habitat 
for each scenario. 
 
Six of the scenarios presented to land managers in Chapter 3 were investigated using 
the model presented here. These are scenarios 1 (consistently low income from grouse 
shooting), 2 (Natural England burning guidelines enforced), 4 (back to nature 
subsidies), 5 (free market), 7 (increased visitor densities) and 8 (pay per nest scheme). 
Scenarios 3 (fox control restricted to outside breeding season) and 6 (wildlife laws 
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removed) are no less interesting, but influence biodiversity directly rather than via 
landscape changes. How the actions undertaken in response to these scenarios might 
alter the landscape is summarised in Appendix VII, with a discussion of how each 
decision was reached and references. These represent possible changes in the 
landscape, and are not intended to be definitive.  
 
6.2.4 Model structure 
For modelled scenarios, first the actual responses of the grouse moors and owner-
retained farm units were used to alter the landscape (according to section 6.2.2 above, 
Table 6.1). For moors which had not responded, a typical response for that type of 
moor was assigned. Farm units were assigned a probability of each possible response 
corresponding to the proportion of sampled farmers which had given that response. 
For example, if 4/21 farmers interviewed said they would undertake action X in 
response to scenario 1, each farm unit was given a 0.19 probability of undertaking 
action X.  
 
 
Table 6.1 Number and area of farm units and moors for which the behavioural 
response is known (Chapter 3). 
Decision unit type Number  Covering total area 
(km
2
) 
% of North 
Pennines 
Owner occupied farm  4 27.9
 
1.5 
Tenant occupied farm 21 101.5 5.3 
Owner occupied moor 4 408 21.5 
Tenant occupied moor 6 250.0 13.1 
Total 35 787.4 41.4 
 
 
Next, the vegetation was altered to represent the changes discussed in Appendix VII. 
Using scenario 4 as an example, one cell from each farm participating in the scheme 
(according to the probabilities assigned as above) gains an additional 0.4 km
2
 (or 40% 
of the grid cell area) of woodlands, and loses 40% of the other vegetation, divided 
according to their initial coverage. One in ten cells from each participating moor 
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makes the same gain in tree coverage. Scenario 4 can be seen as similar to current and 
recent government funded agri-environment schemes. In Chapter 5 there was an 
observed effect of agri-environment schemes on some species, so cells where the 
farmer or moor is participating in the scheme suggested in scenario 4 under the model 
have the management variable „agri-environment scheme‟ changed to 100% coverage.  
 
On estates where farmers are not 100% decision makers, and where participation in 
the scheme might conflict with landowner objectives, the probability of farms 
participating in the scheme was halved. Where tenant farmers overlap with grouse 
moors, and the management requirements of the scheme might impact grouse bags, 
the probability of a farm participating in the scheme was halved. Such lowering of the 
probability of participating is necessary because landowners in these cases stipulated 
that they would need to be consulted by such farmers before they undertook 
management which would result in the requirement to alter rents to moor tenants, or 
would conflict with their own (landowner) management objectives. 
 
The landscape was altered to represent how it might change following management 
alterations resulting from stakeholder actions in response to the policy scenarios. With 
the use of these two files, the changes can be localised within each decision making 
unit or spread over all four cells as appropriate. For example, if a farm was to plant 
some woodland as part of a conservation scheme, this might be planted in one 
appropriate patch (which might only cover one or two of the vegetation cells) rather 
than uniformly distributed across all four vegetation cells. This might have 
implications for the number of cells which would contain a particular BAP species, 
even though the total area of woodland is the same; some species might require a 
threshold of woodland area in a cell, and have higher probabilities of presence with 
higher area coverage of woodlands (such as Red Squirrel) while others might benefit 
from some trees but beyond a threshold more trees may not increase the probability of 
finding that species.  
 
6.2.5 Maxent projections 
Maxent models were re-run using either farm-scale pixel sizes (A1, A2 etc farm cells 
in Fig. 6.2) or the original 1km
2
 pixel size (vegetation cells in Fig. 6.2) as appropriate 
for each species (see Appendix III). Maxent predictions were then projected onto the 
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new landscapes designed as above. This process was undertaken 10 times for each 
scenario, with a different random selection of farms participating, and a different 
random selection of grid cells within each farm receiving the treatment (where not all 
cells do). It may not always be important exactly which cell receives the treatment, 
but it might be important both on farms with variable vegetation coverage, and for 
species in which spatial autocorrelation was important (where predictors were 
weighted by a moving window average, Chapter 5).  
 
The new distributions of each BAP species were then mapped for each scenario. A 
quantitative estimate of change in BAP species distributions can be obtained by 
summing the probabilistic estimates of presence for each species under each scenario, 
or by counting the number of cells for which the prediction is above a threshold (0.45, 
as in Chapter 5). An average response of the species to the potential new landscapes 
was determined by averaging the number of cells which were predicted to be above 
the threshold. These were compared with Maxent results on the original (current) 
landscape from Chapter 5.  
 
6.2.6 Welfare impacts 
The changes to the landscape and distribution of BAP species were compared with 
scenarios D and E presented to visitors in Chapter 4. If the outcomes of any scenarios 
modelled in this chapter match either scenario D or E, then the policy/market scenario 
can be assumed to indicate a policy with beneficial wider impacts and one that takes a 
holistic view. Scenario C was used as an illustrative example for the same process 
turned on its head: Scenario C was based on what might be expected if management 
for red grouse shooting ceased. As such, it is expected to match the outcomes of 
scenario 1 in the present model, because this involves some loss of red grouse 
shooting and replacement by grazing (see Appendix VII). Therefore, the outcome 
from scenario 1 is compared with scenario C, and if they match then we have a) 
verification that the model matches expectations for a situation with considerable 
interest and previous research, and b) a quantitative estimate of potential socio-
economic effects to visitor welfare which might result if such a future market scenario 
as that in scenario 1 (decreased income from red grouse shooting) were to occur. It is 
worth noting here that scenario 1 is not a policy, but rather a market condition. So, 
there are two separate parts to section 6.3.2: The first looks for policies which might 
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lead to a positive welfare change, the second verifies the model and indicates the 
welfare benefits of a consistently low income from red grouse shooting.  
 
 
6.3 Results 
6.3.1 Model outcome I: Changes in BAP species distributions 
The new landscape provided predictions that were significantly different from the 
original predictions for most species (for example Black Grouse, scenario 1, t = -
4.9975, p < 0.001, df = 2281). The difference in distribution for Black Grouse under 
scenario 4 can be seen clearly in Fig. 6.5. There are more cells with a high probability 
of occurrence in the landscape expected under scenario 4 (Fig. 6.5b) than in the 
present landscape (Fig. 6.5a).  
 
 
a 
 
b 
 
 
Figure 6.5 Black grouse predicted distribution (using threshold of 0.45 
probability of presence). Dark cells indicate presence in both the current 
landscape (a), and in a potential new landscape under scenario 4 (b). The new 
landscape has more cells that are suitable for Black Grouse.  
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Fig. 6.5 represents only one potential new landscape, but many are possible with a 
different random selection of farms participating in the scheme, and a different choice 
of grid cell within each farm being planted with trees. Therefore, the numbers of cells 
which were above a threshold for each of 10 new landscapes were averaged, and this 
average compared with the number of cells above the threshold in the original 
landscape (Table 6.2). The standard errors in Table 6.2 represent the error in the 
measure of change in distribution. The number of vertebrate, invertebrate and plant 
species which tend to benefit can then be counted (Table 6.3). Policy scenarios have a 
significant influence on over half of the species studied, with scenario 2 influencing 
10 of the 15 species. Northern Dart and Marsh Saxifrage are particularly affected by 
the scenarios, with the predicted distribution of Northern Dart increasing by up to 319 
% in some cases (scenario 4).  
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Table 6.2 The number of cells predicted to have a probability of presence of a 
particular species ( S.E.) above 0.45 under current and alternative 
management. Proportion of cells predicted to contain species under current 
and new landscapes are compared using a binomial proportions test P < 0.001 
***, p < 0.01 **, p < 0.05 *, p < 0.1 „.   
Species (details 
in Appendix II) 
Current 
proportion 
> 0.45 
Percent change in number of new cells > 0.45 for scenario ( S.E.) 
1 
Low 
grouse 
income 
2 
NE 
burning 
guidelines 
4 
Back to 
nature 
subsidies 
5 
Free 
market 
7 
Increased 
visitor 
densities 
8 
Pay per 
nest 
scheme 
Argent sable 0.48 23 (1.1) 
 * 
11 (2.4)  
* 
11 (1.1)  
* 
7.8 (3.8) 9 (1.2)  
‟ 
9 (1.7)  
‟ 
Black grouse 0.27 -35 (2.1)  
* 
58 (1.3)  
** 
26 (1.7) 46 (6.8)  
* 
33 (2.9)  
* 
67 (8.8)  
** 
Brown hare 0.08 116 (1.4) 
*** 
-3 (1.5) -15 (1.7) 1 (1.3) -16 (2.1) -12 (1.9) 
Hazel 
Dormouse 
0.06 -2 (0.9) 74 (3.9)  
*** 
27 (2.4)  
* 
16 (3.1) -67 (3.8)  
** 
35 (2.7)  
* 
Juniper  
 
0.23 4.1 (1.4) 3.8 (0.5) -11.7 (0.8) -5.8(1.1) -34.3 (1.9) 
* 
-10.9 (1.2) 
Marsh 
saxifrage 
0.34 -5 (0.9) 55 (3.4)  
*** 
-17 (1.1)  
*  
-12 (1.5)  
* 
2 (1.3) 2 (2.2) 
Narrow-
bordered Bee 
Hawk-moth 
0.13 59 (2.3)  
** 
129 (4.2) 
*** 
243 (23.6) 
*** 
208 (42.1) 
*** 
13.7 (2.7) -80.4 (8.9) 
*** 
Northern Dart  0.14 186 (22.1) 
*** 
-78 (6.3) 
*** 
319 (28.3) 
*** 
-78 (25.9) 
*** 
-79 (12.7) 
*** 
-72 (16.7) 
*** 
Pearl-bordered 
Fritillary 
0.35 11.7(1.5) 5 (1.9) 20.1 (2.6)  
* 
28.5 (3.1)  
* 
10.6 (1.2) -39.6 (4.6) 
** 
Pale Shining 
Brown 
0.40 -13 (2.1)  
* 
-13 (1.8) 
* 
-57 (3.1) 
*** 
-24 (3.6)  
* 
-22.4 (2.4) 
* 
-61.2 (3.6) 
*** 
Red Squirrel 0.04 1 (0.7) -8.3 (1.1) 1 (1.2) -1 (1.7) -7 (0.9) -12 (1.4) 
Skylark  0.37 28.9 (2.8) 
** 
14.4 (4.2) 
* 
13.2 (1.7) 
* 
4.9 (3.6) 7.3 (1.9) 27.3 (3.1) 
* 
Small Cow-
wheat 
0.43 6 (1.4) -11 (1.5) 
* 
-7 (1.4) -10 (1.6) 
* 
-57 (3.9) 
** 
1 (1.1) 
Swordgrass  0.27 1 (0.6) 19 (2.1)  
* 
7 (1.1) -18 (1.7) * -80 (3.9) 
** 
25 (4.1) 
* 
Twinflower  0.36 -6 (1.4) 4 (0.9) -4 (0.8) -16 (2.1) * -64 (15.4) 
** 
-5 (1.3) 
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Table 6.3 The number of species which are likely to be present in more or 
fewer cells under the scenario than under the current landscape, on average, 
within each taxonomic group.  
Taxonomic 
Group 
Number BAP species benefiting from scenario 
1 2 4 5 7 8 
Vertebrate 
Invertebrate 
Plants 
 
 
Vertebrate 
Invertebrate 
Plants 
2 3 3 1 1 3 
3 3 4 2 0 1 
0 1 0 0 0 0 
Number BAP species losing from scenario 
1 2 4 5 7 8 
1 0 0 0 1 0 
1 2 1 3 3 4 
0 1 1 3 3 0 
 
 
Although more cells are likely to contain BAP species under certain scenarios, this 
does not tell us the change in the overall likelihood of BAP species presence within 
the North Pennines. For example, even though more cells have a predicted probability 
of presence of Black Grouse under scenario 4 than the current landscape, it may be 
that under the current landscape, many cells have a prediction which is just below the 
threshold, whereas with scenario 4, any cells which do not meet the threshold have a 
very low predicted value. Is it better to have a high chance (say 0.7) that the species is 
present in 3 cells or a lower (e.g. 0.35) chance that it is present in 7 cells? Table 6.4 
provides a comparison of total model predictions (summed over all cells) under each 
scenario, for comparison with trends in Table 6.1. Where the trend is similar, we can 
be confident that the scenario is indeed likely to lead to more cells containing the 
species. 
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Table 6.4 Average probability of presence over all cells for each species, 
under each scenario and the current landscape. This Table indicates the overall 
likelihood of finding the species in the North Pennines, but not cell-specific 
likelihoods as in Table 5.3. Average predictions under current and new 
landscapes are compared using the Wilcoxon signed rank test. The number of 
runs which show significant differences are indicated as more than 8/10 ***, 
more than 7/10 **, more than 5/10 *.   
Species Average 
current 
probability 
of presence  
Percent change in prediction for scenario 
1 2 4 5 7 8 
Argent and 
Sable 
0.44 4.0 4.1 2.8 
 
4.4 4.8 3.8 
Black Grouse 0.28 21.2  
* 
24.1 
** 
9.2 
* 
15.4 
* 
12.6 
* 
27.4 
* 
Brown Hare 0.10 -52.9 
** 
-72.8 
** 
-72.9 
** 
-74.4 
** 
-79.1 
** 
-78.8 
* 
Hazel 
Dormouse 
0.09 1.5 0.6 -4.2 
** 
4.6 
** 
-67.8 
** 
11.7 
** 
Juniper  
 
0.37 1.4 2.4 -15.2 -6.1 -24.1 -5.7 
Marsh 
Saxifrage 
0.41 -3.8 5.7 -9.7 
** 
-15.9 
* 
-3.8 -3.7 
Narrow-
bordered Bee 
Hawk-moth 
0.06 70.1 
* 
63.7 
** 
160.5 
** 
107.4 
** 
4.9 -46.9 
* 
Northern Dart 0.06 64.9 
** 
-72.4 
*** 
-64.7 
** 
-64.7 
** 
-66 
** 
-67 
** 
Pale Shining 
Brown 
0.32 -22.8 
* 
-22.5 
* 
-61.9 
** 
-32.2 
* 
-23.9 
* 
-55 
** 
Pearl-bordered 
Fritillary 
0.34 15.7 
* 
2.1 13.9 13.4 5.7 -15.9 
* 
Red Squirrel 0.03 
 
6.3 0.2 3.2 3.5 3.4 0.6 
Skylark  0.35 6.4 9.2 11.9 
** 
1.5 -1.2 9.9 
Small Cow-
wheat 
0.44 -0.4 1 -1.2 -2.2 -64.8 
** 
0.5 
Swordgrass  0.38 0.2 8 
** 
-0.5 -8.1 
*** 
-70.7 
** 
10 
* 
Twinflower  0.42 -4 2 2 -12.4 
** 
-68.5 
** 
-4 
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The pattern is different for some species in Tables 6.3 and 6.5, but for others it is 
similar. Thus the change might be due to a dominating effect of some cells initially 
very close to the threshold changing slightly for some species, but for others it reflects 
a general trend in Maxent predictions.  
 
 
Table 6.5 The number of species which change in presence under the scenario 
compared with the current landscape, on average, within each group.  
Taxonomic 
Group 
Number BAP species benefiting from scenario 
1 2 4 5 7 8 
Vertebrate 
Invertebrate 
Plants 
 
 
Vertebrate 
Invertebrate 
Plants 
1 1 2 2 1 2 
3 2 1 1 0 1 
0 0 0 0 0 0 
Number BAP species losing from scenario 
1 2 4 5 7 8 
1 1 2 1 2 1 
1 2 2 3 3 4 
0 0 1 2 2 0 
 
 
Some species are influenced by the scenarios more often than others. Northern Dart 
requires a patchy environment with mixture of different vegetation types (Fig. 5.12 
and Appendix III). It is influenced strongly by all of the scenarios, presumably 
because they in some way alter the ratio of one vegetation type to another. No one 
predictor variable has a dominating influence on Marsh Saxifrage, with blanket bog 
and rough grassland being similarly important. Hazel Dormouse is semi-arboreal and 
requires some woodland areas. Swordgrass distribution is positively influenced by 
rough grassland and heather up to a threshold, and requires a patchy environment. 
Overall it seems that the species most strongly influenced by the scenarios have 
differing requirements, and the policies must therefore act on these species in 
different ways.  
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6.3.2 Model outcome II: Do they provide socio-economic benefits? 
As a reminder, scenarios C, D and E as presented to respondents are shown in Fig. 
6.6. As stated in section 6.1, scenario C from the visitor valuation surveys (Chapter 4) 
is used here to illustrate how the model described in this chapter can be used to infer 
socio-economic effects of the policy/market condition scenarios. In Table 6.6 it can be 
seen that the vegetation changes resulting from scenario 1 match scenario C well, and 
from Table 6.5 we see that this is also true of the BAP species predictions. This 
suggests that for scenario outcome where we already have an idea of what to expect, 
and an estimate of socio-economic benefit to visitors, our model produces the 
expected outcome and leads to a net cost in terms of visitor socio-economic values, of 
approximately £201,480 (Table 4.13), which is in fact the biggest cost to visitors of 
any of the scenarios presented to them.  
 
 
Table 6.6 Percent change in total area covered by each broad vegetation type 
( S.E.). 
 
Scenario 
Broad vegetation type 
Woodland Blanket bog Rough 
grassland 
Heather 
moorland 
1 0.00 ( 0.00) -7.08 ( 0.8)  10.37 ( 0.91) -3.29 ( 0.75) 
2 0.00 ( 0.00)  1.05 ( 1.1) -1.15 ( 0.21)  0.10 ( 0.03) 
4 3.21 ( 0.10)  4.74 ( 1.3) -11.95 ( 1.03)  4.00 ( 0.08) 
5 7.59 ( 1.40) -4.61 ( 1.19) -0.82 ( 0.05) -2.17 ( 1.14) 
7 3.33 ( 0.06) -3.42 ( 0.7)  2.14 ( 0.32) -2.04 ( 0.74) 
8 2.06 ( 0.07)  9.07 ( 1.8)  0.10 ( 0.05) -11.13 ( 1.08) 
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Figure 6.6 Scenarios C, D and E presented to respondents in Chapter 4.  
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We see that the standard errors in Table 6.6 are lower than those seen in Table 6.2, 
suggesting that overall landscape configuration itself is less dependent on the starting 
point than BAP species distributions, and therefore BAP species distributions are 
dependent on the pattern of habitats as well as the total available area of each type.  
 
None of the policy/market scenarios modelled in this chapter matches up with 
outcomes D or E, the two scenarios which represented a socio-economic benefit to 
visitors when compared with the status quo.  
 
 
6.4 Discussion  
Stakeholder decisions can have a considerable effect on the value of the North 
Pennines for BAP species and for visitors. They can significantly alter the distribution 
of BAP species within the North Pennines, and many policies significantly influence 
the potential distribution of over half of the species studied. This is no surprise given 
that previous studies have shown the conservation effect of management for grouse 
shooting (Robertson et al., 2001, Tharme et al. 2001). The present study goes further 
by indicating that decisions made by grouse moors and by farmers in the North 
Pennines can influence the whole taxonomic range of species, including those which 
are known to be of conservation concern and which the government has an obligation 
to protect. Although the exact habitat effects of stakeholder decisions are not known, 
but are estimated from available literature, the model implementation in Appendix VII 
is, for most scenarios, quite conservative, so actual changes should be expected to be 
at least as drastic as those indicated here.   
 
Some species are more sensitive to these decisions than others, with the Northern Dart 
and Pale Shining Brown moths being particularly affected. In some scenarios, such as 
consistently low income from red grouse (scenario 1), the benefits are localised, and if 
barriers to dispersal prevent the species establishing on the particular estates with 
improved conditions for these species, may not be realised. Those influencing farmers 
as well as (or instead of) shooting tenants and landowners have less localised effects 
but the extent of localisation depends on the spatial configuration of individual 
stakeholder responses. The standard errors in Table 6.2 indicate the sensitivity of 
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species responses to spatial configuration of changes. Vertebrate BAP species tend to 
be less sensitive to the likely decisions by stakeholders than other taxonomic groups 
(except perhaps for Brown Hare), suggesting that visitor values of the area (which are 
in part dependent on the distribution of rare and threatened birds and mammals) are 
less sensitive to stakeholder decision making than might be expected.  
 
The results of this chapter have important implications for policy development. For 
example, if a consistently low income from red grouse shooting were observed (as has 
been occurring elsewhere in recent years), as in scenario 1, it might be necessary for 
conservation bodies in the uplands to ensure that management maintains heather 
moorlands and blanket bog, which are currently maintained by gamekeepers, if the 
distribution of the Pale Shining Brown moth is not to be adversely affected. Brown 
hare and Black Grouse should be monitored, as the overall probability of presence 
decreases for Brown Hare, and the number of cells which are above the threshold 
decreases for Black Grouse, under scenario 1. It would be beneficial to re-run the 
model with a range of strengths of habitat responses to stakeholder actions (model 
implementation column in Appendix VII). This would indicate the degree to which 
effects demonstrated (for all scenarios) are reliable given the uncertainty as to the 
strength of habitat responses to stakeholder actions. This might be particularly 
important for species for which the change is relatively small, such as Skylark and the 
Pearl-bordered Fritillary.  
 
Natural England has been strongly advocating making their burning guidelines 
statutory (scenario 2, Shaw et al. 1996). If this were the case, it might improve the 
habitat for many BAP species but not the Pale Shining Brown and Northern Dart 
moths, and the Small Cow-wheat (an annual herb). There is lack of experimental 
evidence to support Natural England claims of the benefits of their guidelines, and 
such evidence of actual vegetation changes in line with their expectations, combined 
with results from the present model, might strengthen their case for enforcing these 
guidelines. Protecting blanket bog (as the burning guidelines are intended to do) 
would maintain and perhaps enhance the socio-economic value of the area (Chapter 
4). Removal of all land use subsidies resulting in a free market for agricultural goods 
(scenario 5) is likely to be detrimental to many BAP species but there are potential 
socio-economic benefits (visitors valued an increase in the extent of woodland and of 
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blanket bog over the status quo, see Table 4.13). If Britain‟s government is to 
maintain pressure within the EU for decreased CAP funding, it is essential that upland 
BAP species are monitored, and assistance for the invertebrate and plant species 
which might suffer is provided.  
 
Importantly, scenario 1 links with scenario C from Chapter 4, demonstrating the link 
between stakeholder behaviours (in this case in response to a changing market 
condition) and changes in two different elements of conservation value as measured in 
this thesis: predicted presence of BAP species, and visitor socio-economic values. 
Suitability of the area improves for up to five BAP species, whilst for up to three BAP 
species it declines, and visitor welfare decreases. It is crucial therefore that any 
market forces likely to negatively influence grouse shooting are considered worthy of 
intervention to maintain the overall value of the North Pennines.  
 
The scenarios presented were chosen because they may become reality, but before 
this happens it is important for government to understand the wider implications, 
especially given their remit for joined up policies. The results suggest that these 
policies (or market conditions) come with costs as well as benefits, and in general do 
not represent a holistic view. They need to be re-considered if benefits are to 
incorporate the rural economy, conservation, and welfare simultaneously. Back to 
nature subsidies (scenario 4) show potential to increase socio-economic welfare 
(increased extent of blanket bog and woodland cover results, valued elements) but 
need to be considered carefully to ensure that the distribution of bird and mammal 
BAP species does not decline, and to consider alternatives for the plant and 
invertebrate species likely to suffer.   
 
There is no magic policy formula to conserve or enhance BAP species in the North 
Pennines, and it is unlikely that all the BAP species distributions studied here can be 
increased simultaneously. Not only is the impact dependent on starting point, but 
different BAP species have differing requirements and benefits to one species will 
almost certainly come at some cost to another, and will lead to differential impacts on 
socio-economic welfare. The best that can be done is to design policies which lead to 
overall improvements in habitat availability for BAP species (perhaps similar to an 
economic Pareto-optimality solution, where no further improvements can be made for 
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one species except at the expense of another, Estrin and Laidler 1995), or monitor and 
provide alternatives for those species likely to be adversely affected.  
The model presented here incorporates one time-frame only. It has been shown that 
where land is not owned, short-term profitability is more important than long-term 
sustainability (Panayotou 1993, Fraser 2004, Bandiera 2007), and only a minority of 
the stakeholders incorporated into this model actually own their land (although the 
vast bulk of the land area is privately owned, owners are not the only stakeholders 
with decision-making rights). The consequences in the longer term may therefore be 
different from those presented here, but it is unrealistic to expect stakeholders to make 
an accurate assessment of their behaviour into the far future. Spatial scale is also 
likely to be important, and as discussed in Chapter 5, some species may respond more 
strongly to smaller scales than it is possible to model with the available data. 
However, patchiness was not amongst the most important variables for BAP species 
in Chapter 5 (Table 5.4) and the larger scale measure of patchiness, the number of 
vegetation types within a cell, was more important and beneficial for more species. It 
is also important to recognise that although some species may respond more strongly 
to smaller scales, given limited resources for conservation, trade-offs between quality 
and quantity of species response predictions may need to be considered (Hernandez et 
al. 2006 show the quality of predictions given different data patterns). 
 
One element of Figure 6.1 not modelled here is feedbacks: Chapter 3 demonstrated 
that stakeholders, particularly landowners and shooting tenants, have motivations over 
and above profitability. It can be assumed that these are implicit within their stated 
actions: they will undertake actions that increase their own utility, whatever it is that 
constitutes utility to them. However, there may be unintended biodiversity and 
landscape effects of their actions that cause their behaviour to deviate from that stated 
in Chapter 3. Future policy changes should depend on the future state of the landscape 
and biodiversity, and valuations of changes from that future state. A continual process 
of policy alteration and research feeding back into policy may be necessary to 
maintain a state of optimal benefits from the uplands.  
 
This chapter has shown that it is possible to estimate the impacts of potential future 
policy changes on multiple elements of conservation value, and has demonstrated the 
importance of starting point on conservation impacts of stakeholder actions. It 
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allowed for only a token estimate of socio-economic changes, and further valuation 
studies using the results of this chapter as the basis for creating scenarios for valuation 
would lead to much more precise socio-economic value estimates linked to each 
policy scenario. However, indications are that current policy ideas in the uplands do 
not represent holistic thinking, and certainly do not lead to an overall benefit as they 
stand.  
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  Chapter 7 
  Overall Discussion and Conclusions 
 
 
This thesis aimed to measure differing elements of value of the North Pennines 
AONB, and demonstrate how potential future land use/funding scenarios might 
impact on these values. In doing so, the first valuation of the North Pennines 
landscape and biodiversity was undertaken, along with novel predictions of presences 
of Biodiversity Action Plan (BAP) species. Combined with interviews with 
stakeholders in the North Pennines, changes in these values were predicted, as a result 
of the actions stakeholders would take in response to proposed policies or changes in 
market conditions.  
 
 
7.1 Contribution to knowledge 
Chapter 3 represents the first comprehensive study of the motivations and 
management objectives of upland landowners, shooting tenants and farming tenants in 
the United Kingdom. It demonstrated that conservation is an important motivation for 
some stakeholders, particularly landowners and shooting tenants. This raises an 
important source of conflict: tenants and landowners often have differing motivations. 
Although government incentives such as Environmental Stewardship Scheme (ESS) 
payments are not restricted to farmers, they are targeted at farmers (Defra 2007b). 
ESS payments (or more specific upland schemes) need to be tailored to, and targeted 
at, the individuals with the power to alter land management, and this is not always the 
farmer. On the other hand, some private landowners essentially pay for conservation 
by lowering the rents of their tenants in return for conservation considerate 
management by these tenants. Given the general focus in Europe on encouraging 
conservation compatible management as opposed to the land acquisition policies 
practiced elsewhere (e.g. Wood 2000, Defra 2007), it is fortunate that some 
stakeholders are motivated by conservation or by profits (and that at least some of 
these do have the power to alter their management in return for financial 
compensation).  
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It is not obvious whether landscape or biodiversity is more important to preference 
formation, with both influencing choice of outcome and willingness to pay. It is 
suggested that biodiversity is more important in determining whether or not 
individuals will pay for an outcome, but landscape is more important in determining 
what that value will be if so. The question is raised as to the feasibility of separating 
biodiversity and landscape preferences, at least amongst non conservation 
professionals. Chapter 4 demonstrated the importance of negative valuations for 
conservation goods. Negative values are real and extractable, and can alter the 
conclusions about benefits of conservation goods. The only example of this in the 
literature is Keith et al. (1996), who demonstrated strong polarization concerning the 
proposed action. Chapter 4 goes further, not only eliciting valuations for five 
alternative outcomes, but successfully eliciting negative valuations for each of these. 
Including these negative values led to negative net valuations for some outcomes. As 
has been suggested (Keith et al. 1996, MacMillan et al. 2004) contingent valuation 
studies which do not take opposition specifically into account may generate 
inaccurate values. If this is true, then published WTP results for options which have 
clear unconsidered opposition potential may be questionable.  
 
Chapter 5 showed that it is meaningful to predict the distribution of rare and 
threatened species at a scale and using predictor variables relevant to decision makers, 
rather than the national or even continental scales often used in species distribution 
models (e.g. Huntley et al. 1995, Goolsby 2004). The use of broad vegetation 
categories (blanket bog, rough grassland, etc.) is sufficient and often preferable to 
fine-scale vegetation designations (in terms of model predictive ability), making the 
use of such models much more accessible for conservationists. I show that spatial 
autocorrelation is important for some species (as has been shown elsewhere, in 
anurans for example, Steven et al. 2005), and incorporating this into models can 
improve predictions. Tools such as Maxent (and the many other species distribution 
models in the literature such as GARP, Stockwell and Peters 1999, and ENFA, Hirzel 
et al. 2002) can be very useful for conservation practitioners who may not have 
resources for intensive and detailed surveys. For example they can allow estimates of 
potential ranges of poorly known species (e.g. Papes and Gaubert 2007). For such 
tools to perform optimally for practitioners, options for dealing with spatial 
autocorrelation (such as a moving window average calculation) and buffering to 
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larger scales need to be incorporated into the interface. Chapter 5 does demonstrate 
that much of the variance in predictive ability of species distribution models is due to 
qualities inherent in species (as suggested in Austin 2007) such as body size. 
Therefore as a tool for conservation, these models, although very applicable in some 
situations, do have their limitations. For example they may predict areas at risk from 
species invasions (Thuiller et al. 2005), but the biology of invasive species must be 
considered in assessing the potential for accurate predictions.  
 
Chapter 6 presented a framework for incorporation of multiple values into assessment 
of policy change effects using the datasets from Chapters 3-5. Such incorporation is 
essential in order for the government to make head-way in its remit for joined-up 
policy (e.g. Defra 2004). It offered a novel use of Maxent to project potential 
distributions onto theoretical future landscapes resulting from policy or market 
condition scenarios. The model demonstrated how stakeholder actions influence, via 
habitat changes, the distribution and likelihood of presence of BAP species in the 
North Pennines, and potentially socio-economic values. One key prediction of this 
model is that where there is a decline in the extent of red grouse shooting, a negative 
welfare change for visitors‟ results, as well as mixed impacts on BAP species. This 
suggests that it may be advisable for government to intervene if conditions for red 
grouse shooting were to decline sufficiently. 
 
 
7.2 Wider context 
This thesis has provided a framework for integrating multiple values at a relatively 
small scale, and supports the notion that there is always a trade-off in conservation: all 
elements of value cannot be increased simultaneously (Leader-Williams, Adams and 
Smith 2007). One BAP species must be traded against another, and gains in overall 
BAP species distributions are usually traded against socio-economic gains. This links 
back to the issue raised in section 1.1: Given scarce resources and land space, what 
should be the strategy of conservationists? Some kind of Pareto-optimality solution 
might be a good starting point: If it is possible to create benefits for one element of 
conservation value (whether this be the presence of a particular species of concern for 
conservation as measured in this thesis, a species richness index, or socio-economic 
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values) without a cost to another element, this would represent a Pareto improvement. 
However, as in any cost benefit analysis, it remains unclear how we measure a cost 
and what the common currency between costs and benefits might be.  
 
The alternative is to weight species against another in a cost/benefit analysis. This 
raises issues about the worth of each BAP species; are they equivalent? Using socio-
economic values might suggest birds and mammals be weighted more heavily. How 
do BAP species compare not only with each other but with non-BAP species, such as 
those listed as „of conservation concern‟, or not threatened? Should species also on 
international lists (such as the IUCN Red list or the Bonn Convention on the 
Conservation of Migratory Species of Wild Animals) be given extra weighting 
(Batary et al. (2007) show that the priority list used can influence the values of 
alternate habitats)? Is a 10% increase in the probability of presence of one species 
worth a 9.9% decrease in the probability of presence of another?  These questions go 
beyond the scope of this thesis. 
 
In developed countries with little true wilderness remaining, wildlife has adapted to 
use the human-centric habitats provided (such as agricultural habitats, Aebischer et al. 
1999). This thesis has demonstrated that the differing habitat elements provided by a 
managed upland area have benefits for conservation, although some habitats more so 
than others. There is continuing uncertainty in the literature as to the importance of 
scale in ecological processes, and how to identify the most appropriate scale for 
conservation (Turner 1989, Haslett 2001, Manson 2008, Torras et al. 2008). Results 
in Chapter 5 suggest that in the less productive uplands, spatial heterogeneity is 
important, and is particularly beneficial fro BAP species at larger scales, up to 4 km
2  
(Table 5.4 and Figure 5.12).  
 
 
7.3 Policy implications 
Although not comprehensive, the valuation study presented here (Chapter 4) makes a 
real contribution to what is listed as one of the 25 biggest issues in conservation in the 
UK: Adoption of monetary values as a criterion, to help bring biodiversity into 
mainstream decision making (Sutherland et al. 2008). This approach can be effective 
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(e.g Stern 2007, although the actual effectiveness of this report is still unclear, e.g. 
Neumayer 2007) but may not be nearly enough (Pearce 2007). However, given 
increasing demands for alternative uses of our natural resources, any valuation 
presenting a real and positive value for the North Pennines wildlife and landscape can 
only aid in conservation efforts.  
 
This thesis suggests that recent agri-environment schemes have had conservation 
benefits, as intended, but can be detrimental to some vertebrate BAP species. The fact 
that an increased length of time under agri-environment scheme leads to an increased 
distribution of some BAP species suggests the scheme does directly benefit these 
species. These schemes are now being replaced by an Environmental Stewardship 
Scheme (ESS) which includes options for more specific benefits in appropriate 
situations, potentially improving on the benefits of the previous schemes by targeting 
vertebrates of conservation concern. Results of the present study suggest that for 
maximum utility gain, vertebrate species should be targeted, and indeed other studies 
suggest that higher trophic levels can act as an indicator of the health of the system 
(e.g. the umbrella species concept, Caro and O‟Doherty 1999; or indicator taxa, 
Pearson 1994). 
 
Farmers appear to be better targets for incentive-based policies than other land 
managers in the North Pennines as they are generally motivated by profits, especially 
where the required action does not interfere with „being a farmer‟ (Chapter 3). Grouse 
moor managers and estate owners on the other hand may be persuaded to undertake 
voluntary actions where a clear conservation benefit is shown, especially if this will 
not conflict with production of red grouse for shooting. However not all estates will 
be equally inclined, and where success depends on the benefits being spread over 
space, it is essential to consider how to persuade those moors/estates who do not list 
conservation as a motivation to participate. Regulations such as those relating to 
raptor persecution may already be ignored (Green and Ethridge 1999) so are unlikely 
to solve the problem. Social capital building can lead to improved conservation 
management (Wagner et al. 2007). Perhaps involving landowners in community 
conservation activities might develop a sense of responsibility for the wider landscape 
and wildlife, complementing their loyalty to traditional modes of management.  
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7.4 Future research 
The first issue for further research identified by this thesis is that in some cases, the 
scenarios identified by literature and expert opinion do not match the outcomes from 
stakeholder reactions in Chapter 6, particularly in terms of changes to BAP species 
presence. Given that for some of these BAP species very little information was 
previously available on their requirements (for example not a single published paper 
could be found focusing on the Argent and Sable moth (Rheumaptera hastate)), the 
species distribution models presented in Chapter 5 can be a good starting point for 
further work. Although a set of conditions might be favourable for a particular 
species, experimental work is required to establish colonisation parameters and 
therefore what the actual presence is likely to be, rather than the potential for 
presence.  
 
Having demonstrated how one might integrate multiple values, more values need to 
be measured to aid in truly joined up policy development. Further economic valuation 
studies similar to that in Chapter 4 could value the outcomes produced in Chapter 6 
for example, and extend these beyond visitors, incorporating residents and British 
taxpayers. It would also be interesting to target the decision makers with such a 
valuation; do their preferences match what their actions produce? As well as 
extending the economic value measures available, further research incorporating a 
wider range of biological values could include species richness of each taxonomic 
group (this is particularly feasible for vertebrates), perhaps using species richness 
modelling methods (such as boosted regression trees, De‟ath 2007, Pittman et al. 
2007). This would allow for an intriguing comparison: does species richness have to 
be traded against preservation of rare and threatened species (as shown globally by 
Orme et al. 2005)?  
 
Once a more comprehensive picture of how values might change in response to 
stakeholder actions is available, feedbacks (shown in Fig. 6.1) can be incorporated. 
For example, the new landscape and wildlife configuration might alter stakeholder 
valuations of the landscape and therefore motivations and likely responses to future 
scenarios. If grouse moors do become more involved in conservation activities then 
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their public relations image might improve, and alter societal perceptions (and 
therefore valuations) of upland landscapes, and the suite of policy options available.  
 
The only BAP species studied were those already known to be present to some degree 
in the North Pennines. As conditions might change for the benefit of other BAP 
species, which are currently not found in the North Pennines (due to climate change 
for example), a combination of species distribution models and colonisation studies 
would allow predictions for these species. Finer scale vegetation and species presence 
data would also allow investigations into the exact scale of habitat changes which are 
most appropriate for each species. Once the most accurate model at the correct scale 
for all upland BAP species has been identified, the effects of climate change as well 
as of the potential future policy scenarios can be investigated, if sufficient data are 
available on how climate change might impact on the habitat availability (a huge 
undertaking in itself). This is a huge task given the interacting factors to consider such 
as phenology (Parmesan and Yohe 2003) and asynchrony between breeding and food 
availability (Capercaillie, Moss et al. 2001), as well as potentially increased demands 
on limited space and resources. 
 
 
7.5 Conclusion 
This thesis demonstrated that stakeholder motivations are not entirely inconsistent 
with conservation, but the degree of this consistency varies from land holding to land 
holding. Blanket bog and woodland elements of the North Pennines are identified as 
being beneficial for both biological value (indicated by BAP species presence) and 
social value (indicated by visitor valuations). As they stand, proposed future policy 
scenarios do not lead to the most beneficial outcome in terms of value maximisation, 
although some do have potential to benefit the broad spectrum of rural livelihoods, 
upland conservation and socio-economic welfare.  
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 Appendix I 
 
 
 
Thank you for agreeing to help me with my research. All replies are strictly 
confidential, and estates/individuals will not be named in my thesis or in any 
publication resulting from this work without prior consent of the estate/individual(s) 
concerned.  
 
Date: 
 
Estate name: 
 
Interviewee name: 
 
Section A: Personal Details 
 
1. What is the total size of estate (please specify whether value is in hectares or 
acres)? 
 
2. For how many years has the current owner owned the estate? 
 
3. How long have you worked for this estate? 
 
4. How long have you held your current position/job within the estate? 
 
 
Section B: Activities and Opinions 
 
1. Can you please list the activities of the estate (such as grouse shooting, sheep 
farming)?  
Activities Rank Order 
(financial 
revenues) 
Rank Order  Rank Order 
A:    
B:    
C:    
D:    
E:    
F:    
 
 
2. Can you please rank the above activities in order of contribution to financial 
revenues of estate, with the most important being given a rank of one?  
 
3. Are there any criteria other than financial revenues which the estate might use to 
define importance of activities (such as personal preferences of owner)? If so, can 
you tell me what such criteria are?  
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4. Using these criteria, (please specify which criterion in table) can you rank the 
activities in order of importance, with the most important being given a rank of 
one?  
 
5. In your opinion, what is the ecological importance of the estate?  
Please rank the overall ecological importance of the estate on a scale of one to five 
with five being very high ecological importance (varied habitats providing for a 
variety of wildlife including some threatened or endangered species, retained 
some patches with little or no management as „wild‟ places) and one being very 
low (very little habitat variety provided, no threatened or endangered species 
present to your knowledge).  
  
1 2 3 4 5 
                  very low        very high  
 
 Or, don‟t know.  
 
 
6. In your opinion, how does this estate compare to others within the North Pennines 
Area of Outstanding Natural Beauty (AONB) as to ecological importance 
Higher than average 1 
Average 2 
Lower than average 3 
Don‟t know 4 
 
 
7. In your opinion, how does this estate compare to others within the AONB in its 
size?  
Larger than average 1 
Average 2 
Smaller than average 3 
Don‟t know 4 
 
 
8. In your opinion, how does this estate compare with others within the AONB as 
to profitability?  
Higher than average 1 
Average 2 
Lower than average 3 
Don‟t know 4 
 
 
Section C: Management and Financial Information 
 
1. Can you please locate current activities, as listed in question B1, on the enclosed 
map?  
 
 
2. Can you please locate areas where activities have changed in the past five years, 
indicating previous activity and year of change? 
  
 210 
What were the reasons for any changes? 
 
 
3. Can you please locate areas where activities have changed in the past twenty 
years, indicating previous activity and year of change (if known). 
 
What were the reasons for any changes (if known)? 
 
 
4. Can you please map any activities planned for the future that differ from current 
activities.  
 
What are the reasons for these planned changes? 
 
 
5. Can you please indicate summer and winter stocking levels over different areas of 
the estate and if and how this has changed over the past five and ten years? 
 
6. What is the total number of sheep, of cattle and of other livestock on the estate?  
Sheep  
Cattle  
Other  
 
7. What is the average age of heather at burning (for example ten years, fifteen 
years), and the average length and width of burn strips? 
Average age of heather at burning:  
Average Width:  
Average Length:  
 
 
8. Can you please fill in this table indicating the effort put into control of different 
predator types (either number of traps of number of man-hours, whichever is more 
convenient)? 
Year Foxes Crows Mustelidae 
No. 
traps 
No. 
man-
hours  
No. 
Caught 
No. 
traps 
No. 
man-
hours  
No. 
Caught 
No. 
traps 
No. 
man-
hours  
No. 
Caught 
 
1999-
2000 
         
2000-
2001 
         
2001-
2002 
         
2002-
2003 
         
2003-
2004 
         
2004-
2005 
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9. How many staff are employed on a permanent full time basis, and what are 
their roles?  
Staff Member Role 
1  
2  
3  
4  
5  
 
10. How many staff are employed on a part time basis, and what are their roles? 
Staff Member Role % of Full 
Time 
1   
2   
3   
4   
5   
 
 
11. How many seasonal staff do you employ each year, and what are their roles? 
Staff Member Role Time of year 
Employed 
1   
2   
3   
4   
5   
 
 
12. How is staff time budgeted between different activities 
Staff  Member Percent of time spent on activity: 
A B C D E F 
Permanent 
Full Time 
1       
2       
3       
4       
5       
Permanent 
Part Time 
1       
2       
3       
4       
5       
Seasonal 1       
2       
3       
4       
5       
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13. Can you please use estate accounts to fill in the following table concerning 
estate expenditures and revenues and bag size?  
 
 
 
14. Can you please fill in income attributable to each other activity of the estate?  
 
 
 
 
 
 
 
 
 
 
 
 
Financial 
Year 
Total 
Income 
Income 
Attributable 
to Red 
Grouse 
Total 
Expenditure 
(including 
wages) 
Expenditure 
Attributable 
to 
management 
for grouse 
Total 
Wages 
Bill 
Wages Bill 
Attributable 
to 
management 
for grouse  
Red 
Grouse 
Bag 
Percentage of 
shooting non-
commercial 
(family, guests) 
1999-
2000 
        
2000-
2001 
        
2001-
2002 
        
2002-
2003 
        
2003-
2004 
        
2004-
2005 
        
Financial Year Income  
attributable to 
sheep 
Income 
attributable to 
let farming  
Income  
attributable to 
forestry 
Income 
attributable to 
habitat 
provision 
Income 
attributable to 
other activity 
1999-2000      
2000-2001      
2001-2002      
2002-2003      
2003-2004      
2004-2005      
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15. Can you please fill in expenditure (including wages) attributable to each other 
activity of the estate?  
 
 
16. Can you please fill in wages bill attributable to each other activity of the 
estate?  
 
 
 
Section D: the Future 
 
1. Are there any pressures that the estate faces? If so, what pressures and where do 
they come from?  
 
 
 
 
2. How much of the decision making is made by yourself, and how much is by the 
owner of the estate, when it comes to deciding which government schemes to 
apply to (such as ESA and CSS moorland schemes)?   
Financial Year Expenditure 
attributable to 
sheep 
Expenditure 
attributable to 
let farming  
Expenditure   
attributable to 
forestry 
Expenditure 
attributable to 
habitat 
provision 
Expenditure 
attributable to 
other activity 
1999-2000      
2000-2001      
2001-2002      
2002-2003      
2003-2004      
2004-2005      
Financial Year Wages bill 
attributable to 
sheep 
Wages bill 
attributable to 
let farming  
Wages bill   
attributable to 
forestry 
Wages bill 
attributable to 
habitat 
provision 
Wages bill 
attributable to 
other activity 
1999-2000      
2000-2001      
2001-2002      
2002-2003      
2003-2004      
2004-2005      
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3. Have there been any changes which have affected the running of the estate in the 
last five years (such as changes in policy, relative profitability of different 
activities, ownership of estate)? If so, please elaborate on these changes in the 
table below: 
Changes Activities affected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Do you think there are likely to be any changes in the short-term future (next five 
years)? If so, please fill in this table:   
Changes Activities affected 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Do you think there are likely to be any changes in the long-term future (next ten 
years)?  
Changes Activities affected 
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6. Has the CAP mid-term review of agricultural subsidies (extension of agri-
environment payments, change from production subsidies to single farm 
payments) had any effect on the profitability of estate, or do you think it will do so 
in the near (next five years) future?  
 
 
 
 
 
 
7. If so, for each of the reform elements that affect the estate, can you indicate what 
activities are affected, predicted impacts, size of impact and whether this has 
already been seen or is a prediction for the future? 
 
Cross-compliance: 
Activity 
affected: 
Size of 
impact 
Predicted impact Timing of 
impact 
Comments 
Grouse 
shooting 
Small   Occurred   
 Medium  Future  
Large  
Sheep Small   Occurred   
Medium  Future  
Large  
Let farm Small   Occurred   
 Medium  Future  
Large  
Habitat 
preservation 
Small   Occurred   
Medium  Future  
Large  
Forestry Small   Occurred   
Medium  Future  
Large  
Other 
(specify) 
Small   Occurred   
Medium  Future  
Large  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yes 1 
No 2 
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SFP replacing production subsidies: 
Activity 
affected: 
Size of 
impact 
Predicted impact Timing of 
impact 
Comments 
Grouse 
shooting 
Small   Occurred   
 Medium  Future  
Large  
Sheep Small   Occurred   
Medium  Future  
Large  
Let farm Small   Occurred   
 Medium  Future  
Large  
Habitat 
preservation 
Small   Occurred   
Medium  Future  
Large  
Forestry Small   Occurred   
Medium  Future  
Large  
Other 
(specify) 
Small   Occurred   
Medium  Future  
Large  
 
 
Increased expenditure on agri-environment funding:  
Activity 
affected: 
Size of 
impact 
Predicted impact Timing of 
impact 
Comments 
Grouse 
shooting 
Small   Occurred   
 Medium  Future  
Large  
Sheep Small   Occurred   
Medium  Future  
Large  
Let farm Small   Occurred   
 Medium  Future  
Large  
Habitat 
preservation 
Small   Occurred   
Medium  Future  
Large  
Forestry Small   Occurred   
Medium  Future  
Large  
Other 
(specify) 
Small   Occurred   
Medium  Future  
Large  
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Other (please specify): 
Activity 
affected: 
Size of 
impact 
Predicted impact Timing of 
impact 
Comments 
Grouse 
shooting 
Small   Occurred   
 Medium  Future  
Large  
Sheep Small   Occurred   
Medium  Future  
Large  
Let farm Small   Occurred   
 Medium  Future  
Large  
Habitat 
preservation 
Small   Occurred   
Medium  Future  
Large  
Forestry Small   Occurred   
Medium  Future  
Large  
Other 
(specify) 
Small   Occurred   
Medium  Future  
Large  
 
 
8. Do you think that the overall situation for estates such as yourself is becoming 
more positive or more negative for the long term future (next ten years or longer), 
and why? 
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Appendix II 
BAP species summary 
 
Common 
name 
Latin name 
Taxonomic 
group 
Number 
of 
presence 
records 
within 
North 
Pennines 
AONB 
Home range 
size 
Average 
Body 
Mass 
(kg) 
Mobility 
General 
Requirements 
Specificity Data sources 
Black 
Grouse 
Tetrao tetrix 
Vertebrate, 
bird 
91 Up to 1.5 km
2
 1 
Females 
can range 
up to 10-
15 km. 
Males 
not so 
mobile 
Bog or 
moorland, 
proximity to 
woodland 
patches.  
Fairly high. 
Requires 
bog or 
moorland, 
AND 
proximity 
to at least 
scattered 
trees.  
Royal Society for the Protection of Birds 
(RSPB), The Game and Wildlife 
Conservancy Trust, British Trust for 
Ornithology (BTO), Cumbria Bird 
Group, Durham Ornithologists Club.  
Brown Hare 
Lepus 
europaeus 
Vertebrate, 
mammal 
15 
Core area less 
than 1 km
2
 but 
variable.   
3  
Open habitat, 
especially 
farm land, 
with cereals, 
herbs and 
grasses.  
Fairly high.  
Biological Records Centre, National 
Trust, The Bat Conservation Trust.  
Hazel 
Dormouse 
Muscardinus 
avellanarius 
Vertebrate, 
mammal 
7 Up to 0.01km
2 
0.014  
Semi-arboreal. 
Requires 
patches of 
ancient 
deciduous 
woodland 
Specialized
.  
Low 
population 
densities, 
have a low 
reproductiv
e potential 
Biological Records Centre, National 
Trust, Durham Ornithologists Club.  
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and show 
large inter- 
annual 
variation in 
reproductiv
e success. 
Pipistrelle 
Bat 
Pipistrellus 
pipistrellus 
Vertebrate, 
mammal 
22 1 to 3 km
2
 0.006 
Regularl
y range 
up to 3.5 
km from 
roost. 
Can utilise a 
variety of 
habitats 
including open 
woodland, 
marshes, and 
farmland.  
Very low.  
Biological Records Centre, The Bat 
Conservation Trust, Cumbria Bird 
Group, Durham Ornithologists Club 
Red Squirrel 
Sciurus 
vulgaris  
Vertebrate, 
mammal 
35 
Approximatel
y 0.07 km
2 0.295  
Woodland, 
conifer 
especially 
preferred 
although not 
required.  
Not high.  
Biological Records Centre, 
Northumberland Wildlife Trust 
Skylark 
Alauda 
arvensis  
Vertebrate, 
bird 
240 0.09  0.04  
Open 
countryside, 
from lowland 
farmland to 
upland 
moorland.  
Low. Can 
utilise bog, 
moorland 
or 
grassland.  
National Trust, RSPB, BTO, Cumbria 
Bird Group, Durham Ornithologists 
Club. 
Argent and 
Sable 
Rheumaptera 
hastata 
Invertebrat
e, moth 
38  0.001  
Habitat 
requirements 
NOT already 
known.  
 
NE, Joint Nature Conservation 
Committee (JNCC), Buglife- The 
Invertebrate Conservation Trust. 
Narrow-
bordered 
Bee Hawk-
moth 
Hemaris tityus 
Invertebrat
e, moth 
9  0.001  
Heather 
moorland, 
especially 
damp heaths.  
 
 
NE, Joint Nature Conservation 
Committee (JNCC). 
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Northern 
Dart 
Xestia alpicola 
alpina 
Invertebrat
e, moth 
6  0.001  
Crowberry or 
heather, some 
other 
mountain 
plants 
probably 
utilised.  
 
NE, Joint Nature Conservation 
Committee (JNCC).  
Pale Shining 
Brown 
(invertD) 
Polia 
bombycina 
Invertebrat
e, moth 
5  0.001  
Scrubby 
calcerous 
grassland 
 
NE, Joint Nature Conservation 
Committee (JNCC). 
Pearl-
bordered 
Fritillary 
(invertB) 
Boloria 
euphrosyne  
Invertebrat
e, butterfly 
6  0.001  
Woodland 
clearings, 
grass/light 
scrub mosaics 
or recently 
felled or 
coppiced 
woodlands.  
 
Butterfly Conservation, Natural England 
(NE). 
Sword-grass 
Xylena 
exsoleta 
Invertebrat
e, moth 
55  8  
Upland 
habitats 
including 
moorland, 
rough pasture 
and open 
woodland. 
 
NE, Joint Nature Conservation 
Committee (JNCC), Buglife- The 
Invertebrate Conservation Trust.  
Juniper 
Juniperus 
communis 
Vascular 
plant, 
understorey 
shrub or 
small tree 
56  27  
Shade 
intolerant. 
Most soils 
except very 
wet.  
Mobile 
species.  
Botanical Society of the British Isles, 
Plantlife International, JNCC.   
Marsh 
Saxifrage 
Saxifraga 
hirculus 
Vascular 
plant, 
perennial  
61  0.72  
Base-rich wet 
conditions 
such as damp 
heath or 
blanket bog. 
Now 
 
Botanical Society of the British Isles, 
Plantlife International, JNCC.   
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considered an 
upland species 
only because 
previous 
lowland 
habitats have 
largely been 
destroyed.  
Small Cow-
wheat 
Melampyrum 
sylvaticum 
Vascular 
plant, 
annual herb 
41  0.002  
Open 
broadleaved  
humid 
woodlands 
areas 
 
Botanical Society of the British Isles, 
Plantlife International.   
Twinflower 
Linnaea 
borealis 
Vascular 
plant, 
perennial 
shrub 
49  0.001  
Pine woods, 
sandy acid 
soil.  
 
Botanical Society of the British Isles, 
Plantlife International.   
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Appendix III  
Maxent model results 
 
 
The most important variables are those with the most importance in the best model, except where 
this is raw vegetation, in which case it is the most important variable in model used for chapter 6. 
Each best model was ran with heather moorland replacing blanket bog to allow identification of 
the species for which heather moorland was an important predictor variable (the absence of which 
can still allow good predictions without this variable). [Note: The most important variables are not 
always favourable. They can be vey important for model predictions and have a negative 
relationship (such as rough grassland and small cow-what).] 
 
Small = 1 km
2
 resolution. Mwa = moving window average (at 1 km
2
 resolution). Big = 4 km
2
 
resolution . Mang = management variables (including pathchiness). Veg = broad vegetation 
variables (including patchiness). All = broad vegetation, management and patchiness.  
 
Species Best model AUC 
Model used 
for 
projections in 
chapter 6 
Most 
important 
variables in 
Maxent 
Black 
Grouse 
Mwa all 0.748 Mwa all 
Blanket bog, 
number veg 
types 
Brown Hare Big all 0.85 Big all 
Rough 
grassland, 
CSS 
Hazel 
Dormouse 
Small all 0.78 Small all 
Woodland, 
CSS 
Red Squirrel Small all 0.968 Small all 
Woodland, 
grazing 
Skylark Mwa all 0.714 Mwa all 
CSS, rough 
grassland 
Argent and 
Sable 
Small  raw 0.758 Small all  
Grass, number 
veg types 
Narrow-
bordered 
Bee Hawk-
moth 
Mwa all 0.935 Mwa all 
Blanket bog, 
heather  
Northern 
Dart 
Big all 0.879 Big all 
Number veg 
types, heather 
Pale Shining 
Brown  
Mwa mang 0.769 Mwa all 
Shooting, 
number veg 
types 
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Pearl-
bordered 
Fritillary  
Mwa veg 0.973 Mwa veg 
Woodland, 
heather 
Swordgrass Small all 0.761 Small all 
Blanket bog, 
grazing 
Juniper Mwa mang  0.745 Mwa all 
Shooting, 
number veg 
types 
Marsh 
Saxifrage  
Small all 0.665 Small all 
Grazing, 
rough 
grassland  
Small Cow-
wheat 
Small raw 0.718 Small all 
Woodland, 
rough 
grassland 
Twinflower Small raw 0.712 Small all 
Woodland, 
CSS 
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 Appendix IV                                 
 
 
 
 
Landscape and Wildlife in the North Pennines 
Area of Outstanding Natural Beauty 
 
A survey of visitors’ preferences 
 
Julie Black, Imperial College London 
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Thank you for taking the time to complete this questionnaire. 
The purpose of this research is to investigate preferences for 
landscapes and wildlife of visitors to the North Pennines Area of 
Outstanding Natural Beauty.  
 
Such information can be useful to government and non-
governmental organisations that have an interest in land 
management in this area.  
 
Please take your time to read the questions thoroughly before 
answering, and refer to the additional information sheet 
provided. If you have any problems or queries concerning any of 
the questions or the research in general, please do not hesitate 
to contact me using the contact details provided at the end of 
the questionnaire. There is an optional fun quiz at the back of 
the questionnaire with a prize of a bottle of single malt Scottish 
whisky for the first quiz with a score of 50% or more pulled out 
of a hat. If you would like the prize, please provide contact 
details (there is space for this at the end of the questionnaire).  
 
All answers are strictly confidential, and your details or answers 
will not be passed on to anyone else, and unless you have won the 
whisky you will not be contacted again.  
 
Once you have completed the questionnaire, please place all parts 
of the questionnaire, including the tables 1 and 2, in the envelope 
provided and post it back to me. The envelope is pre-addressed 
and postage is prepaid so no stamp is required.  
 
Thank you again for your time, I hope you enjoy the questionnaire 
and your visit to the North Pennines. 
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Please write your answers in the spaces provided, or tick the 
appropriate box where a table has been provided. For example if you 
have not visited the North Pennines before your answer to question A1 
would look like this:  
 
 
 
 
You would then go on to question A4.  
 
 
Part A:                                                          Visit details                 
 
A1. Is this your first visit to Northern Pennines? 
 
 
 
 
A2. How many times have you visited before? 
Less than 5  
5-9  
10-14  
15-19  
20 or more  
 
A3. What time of year do you most often visit? 
 
 
A4. How many people are in your party? 
   
      
A5. How far did you travel from your home or place of normal 
residence to the North Pennines?  
Yes      √      Go to A4 
No              Go to A2 
Yes          Go to A4 
No          Go to A2 
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A6. What is your reason for visiting? 
 
 
 
Part B:                                     Preferences and Attitudes 
 
B1. Please tell me the first words that occur to you when you 
think of the North Pennines 
 
 
B2. Please tick a box to state whether you strongly disagree, 
disagree, are neutral, agree, or strongly agree with regard to 
the following statements.  If you don’t know, please leave all 
the boxes blank.  
 
 
I feel it is important for people to  
have natural places to enjoy.    □      □      □      □      □ 
                 
I prefer home comforts to wilderness. 
       □      □      □      □      □ 
 
I prefer domesticated animals to  
wild animals.     □      □      □      □      □ 
 
I find nature to be a strong source of  
inspiration and love to see it in its  
natural state.     □      □      □      □      □ 
 
I would really enjoy spending a day  
hunting a wild animal   □      □      □      □      □ 
 
S
tro
n
g
ly
  
d
isag
ree 
  D
isag
ree
  
N
eu
tral   
A
g
ree
  
S
tro
n
g
ly
 
ag
ree
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I think it is good to maintain areas of  
countryside to generate money  
through tourism    □      □      □      □      □ 
 
 
I think the natural balance of the  
environment is important in  
preventing natural disasters such  
as flooding.     □      □      □      □      □ 
 
I have little interest in nature and  
think that money spent on  
maintaining wildlife could be better  
spent elsewhere.    □      □      □      □      □ 
 
I feel the North Pennines represents  
an important area for wildlife  
conservation.     □      □      □      □      □ 
 
I would like to be able to spend  
more time enjoying the North  
Pennines countryside.   □      □      □      □      □ 
 
I would enjoy visiting visitor centres  
or other tourist attractions in the  
North Pennines if there were a wider  
selection.      □      □      □      □      □ 
 
 
 
S
tro
n
g
ly
  
d
isag
ree 
  D
isag
ree
  
N
eu
tral   
A
g
ree
  
S
tro
n
g
ly
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ree
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I think the North Pennines could  
generate more money than it does  
at present, for example by providing  
more facilities for tourists.   □      □      □      □      □ 
 
 
B3. Given one hundred points to distribute between features of 
the North Pennines which attracted you to the North Pennines, 
can you please distribute these between the following features 
to indicate how important each feature is. 
 
Feature Points 
Peace and quiet  
Landscape  
Wildlife  
Sports  
Culture  
Shopping  
Other (please specify)   
 
 
B4. For the feature you gave the most points to, what aspect of 
that feature is it that attracted you? For example if you 
answered culture is it the mining history, general history, arts 
and crafts, market towns, or other aspect of culture?  
 
 
S
tro
n
g
ly
  
d
isag
ree 
  D
isag
ree
  
N
eu
tral   
A
g
ree
  
S
tro
n
g
ly
 
ag
ree
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B5. Can you please place the following broad vegetation types 
in order of preference, with your most preferred type being 
given a rank of 1?  
 
Vegetation Rank 
Heather  
Grass  
Trees   
 
B6. Can you please place the following groups of organisms into 
order of preference, with your most preferred type being given 
a rank of 1? 
 
Organism Rank 
Birds   
Plants   
Insects and spiders  
Reptiles and amphibians   
Mammals   
 
 
Part C:                         Preferences 
 
Can you please imagine that an independent organisation is in charge of 
managing the North Pennines. Such an organisation would influence land 
management in the North Pennines by providing advice and financial 
incentives to landowners, and possibly purchasing some small areas of 
land. It can take a number of approaches each with different outcomes.  
 
There is a separate page (habitats) which provides some information on 
the different broad habitat types found in the North Pennines. Please 
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take some time to look at this leaflet before attempting the next 
question. 
 
Now please look at table 1. The arrows represent the direction and size 
of change, with the thickest arrows representing a 20% change. For 
example ↓ represents a small decrease. These outcomes represent 
possible alternatives achieved by the organisation described above. For 
example if it wanted to achieve outcome B it might provide payments 
for landowners to reduce grazing appropriately and undertake frequent 
small burns to achieve an increase in heather moorland cover.  
 
C1. Please choose which outcome you would prefer from Table 
1. Please tick the appropriate column in the last row of the 
table. For example if you prefer outcome C the bottom row 
would look like this:  
Preference    √   
 
Please look at table 2 on the next page. The impact on the number of 
plants, birds and mammals, and insects and spiders OF IMPORTANCE FOR 
UK CONSERVATION are given for five alternative outcomes. Although 
outcome C represents an increase in important insects and spiders for 
UK conservation, it may not necessarily represent an increase in the 
total number of insects and spiders. In the same way as in question C1, 
can you please choose which of these outcomes you would prefer. 
Please assume that these are NOT matched to the outcomes in question 
C1 (for example outcome B in question C1 would not necessarily lead to 
outcome B in question C2).  
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C2. Please choose which option you would prefer from Table 2. 
Please tick the appropriate column in the last row of the table.  
 
Now can I please ask you to assume that the outcomes from table 1 and 
table 2 ARE linked such that outcome B in table 1 leads to outcome B in 
table 2, outcome C in table 1 leads to outcome C in table 2, etc.  
 
Which outcome would you prefer based on this knowledge?  
For example if wildlife were more important to you than landscape you 
may decide to choose the landscape that leads to the preferred wildlife 
outcome rather than the landscape which you preferred without 
knowledge of its impacts on wildlife. Or you may feel strongly about 
landscape and vegetation and so your preferences for landscape remain. 
Or you may decide to compromise and choose a completely different 
outcome than you had already chosen.  
 
C3. Please fill in your new outcome preference, based on  
the knowledge that the outcomes from table 1 and 2 are linked 
as described. 
 
Outcome:  A B C D E 
Preference:      
 
 
Imagine that the organization described at the beginning of section C 
relies on donations. How much would you be prepared to donate to this 
organization each year, for the next five years? Can you please first of 
all assume that the organisation is working to achieve outcome A, and 
write (under A in the table) an amount that you would be willing to 
donate, then imagine that this organization will be working to achieve 
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outcome B, and write (under B) an amount that you would be willing to 
donate, etc, so there is an amount you would be willing to donate to 
this organisation for each of the five possible outcomes. 
Can I ask you to think carefully about these amounts. Recent studies 
have shown that people tend to state higher amounts in hypothetical 
situations such as this than in situations where they are actually going 
to pay the amount stated. This is called hypothetical bias. It occurs 
because people might like to spend the money stated in hypothetical 
situations, but when faced with actually having to spend this money, 
they think more carefully about what things they would otherwise spend 
the money on. Please think about your other financial commitments and 
weigh this payment against other things you might like to spend your 
money on before answering. Please try to answer this question in the 
same way that you would if you were actually going to donate to the 
organisation the amount stated.  
 
C4. Please fill in the amounts you would be willing to pay to 
such an organisation for each of the outcomes.  
 
 
 
 
 
 
 
If you have answered zero to any of these please continue to C5. If you 
have not, please go to question D1.  
 
 
 
Scenario A B C D E 
Amount you would  
be willing to donate 
(£’s).       
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C5. For those that you answered zero in question C4, would you 
pay anything to PREVENT this outcome, and keep the landscape 
and wildlife in the state it is currently in? 
 
Yes                  Go to question C6 
No                  Go to question D1 
 
 
 
C6. How much would you be prepared to donate to such an 
organization if they were to actively try and AVOID the 
outcome(s) for which you are not prepared to donate anything 
to achieve. Only answer for those outcomes you answered £0 in 
question C2. For example, if you answered £0 for outcome B, 
then how much would you be prepared to donate to this 
hypothetical organisation if one of their aims was to actively 
prevent outcome B? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scenario A B C D E 
Amount you would  
be willing to donate 
(£’s) to PREVENT  
this outcome      
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C7. If you are not willing to pay anything for any of the 
scenarios in question C4 (that is, if you answered zero for every 
scenario), what is the reason? 
 
I can’t afford to pay.  
I do not feel strongly enough about the issue to pay.  
I think that management should be paid for by other 
means, e.g. from central funding. 
 
I would rather such management was paid for by other 
means, but I would contribute if such an organisation 
really were to rely on donations to achieve the 
outcome. 
 
I rarely visit this area so it would not affect me 
directly.  
 
 
 
C8. If you have indicated a positive (non-zero) amount for any 
of the scenarios in question C4, why would you pay the amount 
indicated?  
I think this issue is important.  
As I enjoy visiting the area I am prepared to contribute  
to its maintenance.  
 
I won’t really have to pay this.  
I particularly prefer this (these) scenario(s) and am 
prepared to pay to achieve this outcome.  
 
I want to show how much I value the environment  
and/or wildlife in general, even though I would not 
actually pay this amount. 
 
I want to show how strong my preference is for this 
(these) particular scenario(s), even though I would not 
actually pay this amount.  
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Part D:                     Personal details 
 
D1. Which of these groups do you belong to?   
 Male Female 
15-19 years   
20-24 years   
25-29 years   
30-34 years   
35-39 years   
40-44 years   
45-49 years   
50-54 years   
55-59 years   
60-64 years   
Over 64 years   
 
D2. Can I ask which of these annual gross household income 
brackets you fall into?  
Less than £5,000  
£5,000 -9,999  
£10,000-19,999  
£20,000-29,999  
£30,000-39,999  
£40,000-49,999  
£50,000-69,999  
£70,000-£99,999  
£100,000 or more  
 
 
D3. What nationality are you? 
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D4. Are you a member of any environmental or conservation 
organisations, such as the National Trust, RSPB, Friends of the 
Earth?  
 
 
D5. What is the highest level of education you have achieved? 
Primary Education  
GCSE or equivalent  
A level or equivalent  
Trade qualification (eg City and Guilds, HND)  
Ordinary or honours degree  
Higher degree (MSc or PhD)  
 
 
D6. Are there any other comments you would like to make?  
If you would you like a copy of the results please provide your name and 
address on the back of this questionaire and a copy of the final report 
will be sent to you as soon as it is available.  
 
If you would like to contact me concerning this research, I can be 
contacted on 07766 628433, or from October on 02075 942418, or by e-
mail at julie.black@imperial.ac.uk  
 
 
Below is an optional, fun quiz, with a prize of a bottle of single malt 
whisky for the first quiz with a score of 50% or more pulled out of a hat. 
Please provide some contact details (for example an address, telephone 
number or email address) if you would like to receive the prize.  
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Part E:                  Optional fun quiz 
 
1. What is a young fox called? 
 a) Cub     b) Vixen  c) Dog d) Pup e) Foal  
 
2. How many legs does a spider have? 
 
3. What does WWF stand for?  
 
 
4. Name three rodents.  
 
 
5. Name the organisation that manages Great Britain’s 
forests? 
 
6. What kind of animal are raptors? 
 
 
7. Part I: How many species of deer live in the wild in the UK 
today? 
 a) 4  b) 5        c) 6  d) 7        e) 8 
 Part II: How many of these are native? 
 a) 0         b) 1        c) 2         d) 3        e) 4 
 
8. CAP stands for: 
 a) Corncrake and Avocet Protection   
b) Common Agricultural Policy 
 c) Conservation of Aquatic Plants  
d) Cumbria Agricultural Plan  
 
 
9. Can you list three organisations which have an interest in 
land management in the North Pennines? For example, in 
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Scotland such organisations might be the John Muir Trust 
or Scottish Natural Heritage. 
 
 
 
10. In what way has hedgerow cover changed in Great Britain 
over the last fifty years? 
 a) declined b) stayed the same   c) increased 
 
 
11. Please tick the boxes of animals which are currently found 
in the wild in the UK (i.e.maintain wild populations, 
regardless of whether they are native): 
 a) Bison    □  b) Coyote   □  
c) Dormouse  □  d) Muntjac  □  
e) Vulture  □  f) Ferret   □  
g) Red squirrel  □  h) Weasel  □  
i)  Wild boar  □   j) Wolf   □ 
   
 
12. Please tick the boxes of birds which can be found in the 
North Pennines: 
a)  Skylark  □  b) Black grouse □   
c) Corncrake  □  d) Great skua  □   
e) Hen harrier □  f) Nightingale  □ 
g) Snipe   □  h) Swallow  □   
i) Red grouse   □  j) Sea eagle  □ 
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  Appendix V 
 
Table 1           
 
 
 
Table 2           
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  Appendix VI 
 
Habitats:            
 
 
 
Land uses:            
 
 
Farming: Farm units in the North Pennines cover the whole range of sizes from less than 
5 ha to over 500 ha. Farming is mostly grazing for sheep and cattle with very little arable 
(crops) farming. Many farmers in the North Pennines take part in agri-environment 
schemes which pay the farmer to manage in a way which helps conserve wildlife and 
habitats.  
 
Red grouse shooting: Some areas are managed in order to provide the maximum 
numbers of red grouse for shooting. Such management involves burning small patches of 
heather to encourage regeneration and a variety of heather heights, and control of 
predators such as foxes, crows and rats which can prey on ground nesting birds. Many 
grouse moors in the North Pennines maintain or allow regeneration of small woodland 
patches to assist with local conservation schemes. 
 
Nature reserves: Such reserves can manage the land with the principle aim of 
conserving wildlife of local and national interest and importance. In the North Pennines 
such management is likely to have much in common with the best practice management 
techniques used locally for red grouse shooting and upland farming.  
 Rough Grass Heather Blanket Bog Mixed and 
broadleaved 
Woodland 
 
    
Extent: 40% degraded 
by overgrazing 
Declined by 20% 
since WWII 
20% of Englands 
blanket bog is in 
North Pennines 
Less than 8% 
cover in 
England 
Threats: Agricultural 
improvement, 
overgrazing 
Overgrazing, 
commercial 
forestry 
Grazing, poorly 
managed fires, 
disturbance 
Grazing, 
commercial 
plantations 
Management 
requirements:  
Appropriate 
grazing 
intensities 
Rotational 
burning and low 
grazing intensity 
Protection from 
disturbance 
Protection 
from 
disturbance 
Land use which 
maintains it: 
Upland 
farming, 
mostly grazing 
Red grouse 
shooting, low 
intensity grazing 
Red grouse 
shooting, and 
undisturbed (such 
as nature reserve) 
Undisturbed 
(such as nature 
reserve) 
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Appendix VII 
 
Landscape changes as a result of stakeholder responses to scenarios. Moors are grouse moors, farms are farm units. Note that, although 
the actual proportional change of habitat is estimated here, the literature is usually quite clear about the direction of change to expect. For 
example, increased grazing is expected to lead to conversion of moorland areas (heather and blanket bog) to grassland, but the 
proportional change to expect is unclear.  
Scenario Prob Response Landscape changes Model 
implementation 
Sources 
 
1 
 
Consistently 
low income 
from grouse 
 
Moors 0.1 Convert to grazing  Replacement of heather moorland and blanket bog by rough grassland. 50% heath to grass 
50% bog to grass 
Huntings 
surveys 1986 
 
Scotland 
Moorland 
Forum 2002 
 
 
Moors 0.1 Find complementary 
source of income, 
conservation payments 
suggested.  
Nature reserve style of management involves following burning guidelines 
and controlling grazing levels to allow regeneration of heather and prevent 
degradation of blanket bog.  This would have a similar impact as if NE 
burning guidelines were enforced, but with an additional reduction of 
grazing levels in some cases. Therefore, as well as the effect of following 
burning guidelines, some additional heather regeneration might be 
encouraged. Approx 20% of rough grass is assumed to become heather 
moorland and 5% of heather moorland is assumed to become blanket bog. 
It is unclear how much heather moorland regeneration should be 
encouraged for conservation. It is difficult to get the grazing just right to 
allow regeneration, and some patches of heather may be grazed at the 
wrong level for that patch.  
20% grass to heath 
5% heath to bog 
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Moors 0.8 Owner manages it as a 
commercial grouse 
moor, no action and not 
sure. 
No change No change 
 
2 
 
Natural England 
burning 
guidelines 
enforced 
Moors 1 All meeting statutory 
burning restrictions 
These guidelines will allow regeneration of some areas of heather and bog, 
and prevent degeneration of blanket bog due to unsuitable burning. The 
guidelines are designed to allow some regeneration, although it is unclear 
where this will occur if other threats (such as unsuitable grazing and 
disturbance) still occur. Assume only 5% each of grass and heather  
becomes blanket bog, because it is difficult to encourage blanket bog 
regeneration without additional actions. Increased keeper density and more 
effective predator control are expected to be beneficial for ground nesting 
birds. This cannot, however, be modelled via landscape.  
5% heath to bog 
5% grass to bog 
EN 2001 
 
Shaw et al. 
1996  
 
 
4 
 
Back to Nature 
subsidies 
Farms  
0.47 
Moors 0.4 
Participation  Upland nature reserves tend to encourage blanket bog regeneration by 
gripping of drains and minimising grazing and disturbance. Rough 
grassland tends to be allowed to convert into heather moorland where the 
heather seed-bank remains. 25% of rough grassland will become heather 
under this scenario, and 25% is assumed to regenerate into blanket bog 
(only because the proportions of heather and blanket bog present today are 
similar do I assume that a similar proportion of regeneration would be 
towards each). Some grassland must remain to allow some continued 
grazing. Nature reserve management in the uplands does also often 
encourage regeneration of small patches of scrub/woodland. Therefore, 
10% each of the area that would be heather and bog will be managed 
25% grass to heath 
25% grass to bog 
40ha in ¼ cells to 
woodland 
Scotland 
Moorland 
Forum 2002 
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specifically for woodland/scrub regeneration.  
Farms  
0.53 
Moors 0.6 
No participation and 
not sure 
No change  
 
5 
 
Free market 
 
Farms 
0.19 
Higher income activity 
II: Increased stocking.  
Almost all said they would first consider increasing stocking rates but if 
this would not be sufficient, they might change tack to tourism or forestry. 
Perhaps not beneficial in the long term (due to degradation of grazing) but 
will help farmers short-term. Increased stocking rates will almost certainly 
lead to some replacement of heath and bog with grass. This replacement is 
assumed at 20% here, similar to that replacement rate observed in Scotland 
between 1940 and 1980 when increased sheep densities lead to replacement 
of heather by grasses. 
20% heath to grass 
20% bog to grass 
DEFRA 2001 
 
Robertson et al 
2001 
 
Scotland 
Moorland 
Forum 2002 
 Farms 
0.05 
Higher income activity 
I: Change to 
commercial forestry 
Whole farm becomes planted with trees. Not necessarily with same value to 
BAP species as current woodland stands. 
100 % trees 
Farms 
0.05 
Higher income activity 
III: Tourism 
Tourism would likely lead to loss of blanket bog because it is sensitive to 
disturbance.   
All blanket bog is assumed to be lost to heather (50%) or grass (50%) 
except for 20% of total (non tree) farm area which will be planted with 
trees for recreational activities. This is based on the fact that tenants who 
already have some tourism activities have at present approx 10% more 
recently planted woodlands than others, and that these farms also said they 
were hoping to plant more, but were awaiting permission from the 
landowner. 
20% all vegetation  
to trees 
50% remaining bog 
to grass, 50%  
remaining bog to 
heath  
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Farms 
0.19 
Stop farming  If farming stopped, the landowner would try to find replacement tenant to 
continue farming, but if this were not possible, then the moorland would 
likely succeed into scrub and eventually (beyond this time frame) to trees.  
100% heath to trees  
100% grass to 
heath 
Farms 
0.05 
Minimise management 
requirements to reduce 
costs (extensification).  
This farmer specified minimising management requirements, so essentially 
leaving some sheep out, at a low grazing level, and no other management. 
It is unclear what impact this would have on vegetation, as very much 
depends on distribution of grazing density and vegetation particulars. 
Current farming practices are generally extensive, so this may have little 
impact in practice. We will assume no change except grazing will be at the 
lowest level, 1. 
No change in 
vegetation, but 
grazing level is 1. 
Farms 
0.47 
No action and not sure No change. This is unlikely, they must take some action to remain 
financially afloat unless we can assume that markets would adjust and no 
farmer action is necessary beyond adjusting prices to follow the market. 
 
 
7 
 
Increased visitor 
densities 
Farms 
0.62 
Moors  
0.3 
Provide tourism 
services 
Same as those providing tourism services in scenario 5.  20% all vegetation  
to trees 
50% remaining bog 
to grass, 50%  
remaining bog to 
heath 
Countryside 
Management 
Publications 
2001 
Farms  
0.38 
Moors 0.7 
No action, not sure, 
build paths and access 
restrictions 
No change   
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8 
 
Pay per nest 
scheme 
Moors 0.4 
Farms 
0.33 
General bird 
conservation 
management  
Blanket bog regeneration, including by replacing trees, which are often 
planted on blanket bog areas.  
RSPB reserves lead to more favourable annual population changes than 
ESA agreements for some waders. RSPB management in upland areas tend 
to focus on reclaiming blanket bog by blocking ditches and RSPB 
recommended removal of government incentives to plant trees in blanket 
bog areas.  
20% heath to bog 
 
Ausden and 
Hirons (2002).  
 
Ayrshire 
Biodiversity 
Action Plan 
(2002)  
 
RSPB 2008b  
 
Moors  
0.15 
Farms 
0.10 
Target specific birds I: 
BAP bird species 
Requirements very variable, so different farmers may target different 
species and therefore encourage different habitats. For BAP birds in 
general, tree cover should be maintained and even increased, along with 
blanket bog, so these can be assumed to replace heath as trees will grow on 
heather areas more easily than on grassland, and none of the BAP plan 
species measured here are dependent on heather moorland. The home range 
size of black grouse can be up to 3 km square, and they like a mixture of 
rough grassland, woodland patches, and blanket bog. Skylarks require some 
rough grassland and blanket bog, and have much smaller home ranges. 
Rough grassland is already present on farms to a large extent, although less 
so on grouse moors. Small additional patches of rough grassland are 
assumed to be encourage on grouse moors, and blanket bog is encourage on 
farms, and 10ha per 100ha grid cell of trees on farms and grouse moors.  
10ha heath to trees, 
or other vegetation 
if less than 10ha 
heath.  
Farms: 10% grass 
or heath to bog 
(5% of each if both 
present) 
Moors: 10% heath 
to grassland 
Moors 
0.15 
Farms 
0.10 
Target specific birds II: 
raptor species 
Most upland raptors (such as hen harrier, merlin, short-eared owl, peregrine 
falcon) can benefit to some extent from heather moorland, and this is the 
only variable they have in common as an important habitat variable. 10% of 
grasslands will be converted to heather moorland.  
10% grass to heath 
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Moors  
0.3 Farms 
0.47 
No action and not sure No change   
 
 
 
 
 
